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CONSTITUTIVELY ACTIVATED SEROTONIN RECEPTORS 
The benefit of U.S. Provisional Application No. 60/039,465 filed February 
27, 1997, and U.S. Provisional Application No. 60/061,268 filed October 7, 

1997 is claimed for this application. 

5 BACKGROUND OF THE INVENTION 

Field Of The Invention 

The present invention relates generally to the field of transmembrane 
receptors, more particularly to seven segment transmembrane G protein-coupled 
receptors, and most particularly to the serotonin (5-HT) receptors. Through 
10 genetic mutational techniques, the amino acid sequences of the native 5-HT 2A and 
5-HT 2C receptors have been modified so that the receptors exist in a constitutively 
activated state exhibiting both a greater response to agonists and a coupling to 
the G Protein second messenger system even in the absence of agonist. A 
method for constitutively activating G protein-coupled 5-HT receptors in general is 

15 also disclosed. 

Description Of Related Art 

The research interest in G protein-coupled cell surface receptors has 
exploded in recent years as it has been apparent that variants of these receptors 
play a significant role in the etiology of many severe human diseases. These 
20 receptors serve a diverse array of signalling pathways in a wide variety of cells 
and tissue types. Indeed, over the past 20 years, G protein-coupled receptors 
have proven to be excellent therapeutic targets with the development of several 
hundred drugs directed towards activating or deactivating them. 

G protein-coupled receptors form a superfamily of receptors which are 
25 related both in their structure and their function. Structurally the receptors are 
large macromolecular proteins embedded in and spanning the cell membrane of 
the receiving cell and are distinguished by a common structural motif. All the 
receptors have seven domains of between 22 to 24 hydrophobic amino acids 
forming seven a helixes arranged in a bundle which span the cell membrane 
30 substantially perpendicular to the cell membrane. The transmembrane helixes are 
j ined by chains of hydrophilic amino acids. The amino terminal and three 
connecting chains extend into the extracellular environment while the carboxy 


SOOCIO <WO 981821 7A1J _> 



WO 98/38217 


PCT/US98/03991 


2 

terminal and three connecting chains extend into the intracellular environment. 
Signalling molecules are believed to be recognized by the parts of the receptor 
which span the membrane or lie on or above the extracellular surface of the cell 
membrane. The third intracellular loop joining helixes five and six is thought to be 
5 the most crucial domain involved in receptor/G protein coupling and responsible 
for the receptor selectivity for specific types of G proteins. 

Functionally, all the receptors transmit the signal of an externally bound 
signalling molecule across the cell membrane to activate a heterotrimeric 
transducing protein which binds GDP (guanosine diphosphate). Upon activation, 
10 the bound GDP is converted to GTP (guanosine triphosphate). The activated G 
protein complex then triggers further intracellular biochemical activity. Different G 
proteins mediate different intracellular activities through various second 
messenger systems including, for example, 3'5'-cyclic AMP (cAMP), 3'5'-cyclic 
GMP (cGMP), 1,2-diacylglycerol, inositol 1,4,5-triphosphate, and Ca 2+ . Within the 
1 5 human genome, several hundred G protein-coupled receptors have been identified 
and endogenous ligands are known for approximately 100 of the group. While the 
seven transmembrane motif is common among the known receptors, the amino 
acid sequences vary considerably, with the most conserved regions consisting of 
the transmembrane helixes. 

20 Binding of a signalling molecule to a G protein-coupled receptor is believed 

to alter the conformation of the receptor, and it is this conformational change 
which is thought responsible for the activation of the G protein. Accordingly, G 
protein-coupled receptors are thought to exist in the cell membrane in equilibrium 
between two states or conformations: an "inactive" state and an "active" state. 
25 In the "inactive" state (conformation) the receptor is unable to link to the 

intracellular transduction pathway and no biological response is produced. In the 
altered conformation, or "active" state, the receptor is able to link to the 
intracellular pathway to produce a biological response. Signalling molecules 
specific to the receptor are believed to produce a biological response by 
30 stabilizing the receptor in the active state. 

Discoveries over the past several years have shown that G protein-coupled 
receptors can also be stabilized in the active conformation by means other than 
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binding with the appropriate signal molecule. Four principal methods have been 
identified: 1) molecular alterations in the amino acid sequence at specific sites; 2) 
stimulation with anti-peptide antibodies; 3) over-expression in in vitro systems; 
and 4) over-expression of the coupling G proteins. These other means simulate 
5 the stabilizing effect of the signalling molecule to keep the receptor in the active, 
coupled, state. Such stabilization in the active state is termed "constitutive 
receptor activation". 

Several features distinguish the constitutively activated receptors. First, 
they have an affinity for the native signalling molecule and related agonists which 
10 is typically greater than that of the native receptors. Second, where several 
known agonists of varying activity (to the native receptor) were known, it was 
found that the greater the initial activity of the agonist, the greater was the 
increase in its affinity for the constitutively activated receptor. Third, the affinity 
of the constitutively activated receptor for antagonists is not increased over the 
15 affinity for the antagonist of the native receptor. Fourth, the constitutively 
activated receptors remain coupled to the second messenger pathway and 
produce a biological response even in the absence of the signalling molecule or 
other agonist. 

The importance of constitutively activated receptors to biological research 
20 and drug discovery cannot be overstated. First, these receptors provide an 
opportunity to study the structure of the active state and provide insights into 
how the receptor is controlled and the steps in receptor activation. Second, the 
constitutively active receptors allow study of the mechanisms by which coupling 
to G proteins is achieved as well as how G protein specificity is determined. 

25 Third, mutated constitutively active receptors are now recognized in disease 
states. Study of constitutively activated receptors has demonstrated that many 
mutations may lead to constitutive activation and that a whole range of activation 
is possible. 

Fourth, the existence of constitutively active receptors provides a novel screening 
30 mechanism with which compounds which act to increase or decrease receptor 
activity can be identified and evaluated. Such compounds may become lead 
compounds for drug res arch. Finally, studying the affect of classical antagonists 
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(compounds previously identified as, in the absence of agonist, binding to the 
receptor but causing no change in receptor activitiy, and, in the presence of 
agonist, competitively decreasing the activity of a receptor) and other drugs used 
as treatments on the constitutively active receptors has led to the discovery that 
5 there are compounds, inverse agonists, which decrease the constitutive activity 
of the active state of the receptors but which have no or little affect on the 
inactive state. The difference between antagonists, which act on the inactive 
state, and inverse agonists, which act on the active state, is only discernable 
when the receptor exhibits constitutive activity. These inverse agonists, 

10 identifiable with constitutively active receptors, present an entirely new class of 
potential compounds for drug discovery. 

About 10 years ago, it was recognized that neurotransmitter receptors can 
be divided into two general classes depending on the rapidity of their response. 
Fast receptors were identified with ion channels and mediate millisecond 
1 5 responses while slower receptors were identified with G protein-coupled 
receptors. These G protein-coupled receptors include certain subtypes of the 
adrenergic as well as the muscarinic cholinergic (Ml - M5), dopaminergic (D1 - 
D5), serotonergic (5-HT1, 5-HT2, 5-HT4 - 5-HT7) and opiate [6, k. and » ) 
receptors. Each of these G protein-coupled neurotransmitter receptors has been 
20 associated with profound changes in mental activity and functioning, and it is 
believed that abnormal activity of these receptors may contribute to certain 
psychiatric disorders. Consequently, the elucidation of the mechanism of action 
of these receptors has been the focus of vigorous research efforts. 

Serotonin receptors are of particular importance. Serotonin-containing cell 
25 bodies are found at highest density in the raphe regions of the pons and upper 
brain stem. However, these cells project into almost all brain regions and the 
spinal column. Serotonin does not cross the blood-brain barrier and is synthesized 
directly in neurons from L-tryptophan. In the CNS serotonin is thought to be 
involved in learning and memory, sleep, thermoregulation, motor activity, pain, 

30 sexual and aggressive behaviors, appetite, neuroendocrine regulation, and 
biological rhythms. Serotonin has also been linked to pathophysi logical 
conditi ns such as anxiety, depression, obsessive-compulsive disorders, 
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schizophrenia, suicide, autism, migraine, emesis, alcoholism and 
neurodegenerative disorders. Presently several drugs are used to modify serotonin 
receptors: 1) 5-HT1: sumatriptan for treatment of migraine, ipsapirone and 
buspirone for treatment of anxiety; 2) 5-HT2: clozapine and risperidone for 
5 treatment of schizophrenia; and 3) 5-HT3: odanestron for the prevention of 
emesis in chemotherapy. 

To date, fourteen serotonin receptors have been identified in 7 subfamilies 
based on structural homology, second messenger system activation, and drug 
affinity for certain ligands. The 5-HT 2 subfamily is divided into 3 classes: 5-HT 2A , 
10 5-HT 2B , and 5-HT 2C . 5-HT 2A and 5-HT 2C receptor antagonists are thought to be 

useful in treating depression, anxiety, psychosis, and eating disorders. 5-HT 2A and 
5-HT 2C receptors exhibit 51% amino acid homology overall and approximately 
80% homology in the transmembrane domains. The 5-HT 2C receptor was cloned 
in 1987 and led to the cloning of the 5-HT 2A receptor in 1990. Studies of the 5- 
1 5 HTja receptor in recombinant mammalian cell lines revealed that the receptor 
possessed two affinity states, high and low. Both the 5-HT 2A and 5-HT 2C 
receptors are coupled to phospholipase C and mediate responses through the 
phosphatidylinositol pathway. Studies with agonists and antagonists display a 
wide range of receptor responses suggesting that there is a wide diversity of 
20 regulatory mechanisms governing receptor activity. The 5-HT 2A and 5-HT 2C 

receptors have also been implicated as the site of action of hallucinogenic drugs. 

Much of the knowledge about the structure of G protein-coupled receptors 
has come from the study of the 0 2 -adrenergic receptor. Over the last several 
years, site-directed mutagenesis has been used to try to determine the amino acid 
25 residues important for ligand binding in both the /? 2 -adrenergic and 5-HT 2A 

receptors. In addition, studies have suggested that in a native (inactive) state of 
G protein-coupled receptors, the third intracellular loop is tucked into the receptor 
and is not available for interaction with the G protein. A change of receptor 
conformation (active) results in the availability or exposure of the C-terminal 
30 region of the third intracellular loop. 

In 1990 Cotecchia et al. 1 were studying the G protein specificity 
determining characteristics of the third intracellular loop by creating chimeric 
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receptors in which the third intracellular loops had been exchanged between the 
or, -adrenergic receptor and the ^-adrenergic receptor. The specific G protein 
coupled activation was essentially switched between the two receptors. While 
attempting to determine which portions of the loop were responsible for the 
specificity, Cotecchia et al. discovered an unexpected phenomena; namely that 
the modification in the third intracellular loop of the ^-adrenergic receptor of 
three residues, Arg288, Lys290, and Ala293, created a mutant receptor with two 
orders of magnitude greater affinity for agonist and which coupled to the second 
messenger system even in the absence of agonist. These modifications were 
made in the carboxy end of the third cytoplasmic loop adjacent to the sixth 
transmembrane helix. The changes responsible for this increase were isolated to 
either a Ala293 -* Leu or a Lys290 -* His mutation. Thus, a constitutively active 
state of a G protein-coupled neuroreceptor had been created. Subsequently, 
Kjelsberg et al. 2 demonstrated that mutation of the amino acid at position 293 in 
the a 1B -adrenergic receptor to any other of the 19 amino acids also produced a 
constitutively active state. Subsequently, mutations in the /? 2 -adrenergic receptor 
near the carboxy end of the third cytoplasmic loop have also been shown by 
Samama et al. 3 to constitutively activate this receptor. 

When foci resulting from constitutively active o 1B -adrenergic receptors were 
injected into nude mice, tumor formation occurred. Over the past 5 years, since 
the discovery that several thyroid adenomas contained mutations of the thyroid 
stimulating hormone (TSH) receptor, constitutively activated receptors have been 
found associated with several human disease states. The mutations responsible 
for these disease states have been found in the transmembrane domains and 
intracellular loops. For the TSH receptor, mutations at 1 3 different amino acid 
positions have been found in the transmembrane domain, the third intracellular 
loop, and the second and third extracellular loops. Clearly, constitutively 
activating mutations are not limited to the third intracellular loop and the critical 
site for constitutive activation varies with each G protein-coupled receptor. The 
importance of the initial observations was well stated in Cotecchia et al. 1 : "Such 
mutations might not only help to illuminate the biochemical mechanisms involved 
in receptor-G protein coupling but also provide models for how point mutations 
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might activate potentially oncogenic receptors." 

In light of the above referenced discoveries, the importance and utility of 
discovering other constitutively activated neuronal receptors cannot be 
understated. However, the hope that other neuronal receptors could be easily and 
5 readily mutated to a constitutively active form by mutations in the third 
cytoplasmic loop was destroyed by the report of Burstein et al. 4 in 1995 of a 
comprehensive mutational approach to the G protein coupled M5 muscarinic 
acetylcholine receptor. In that approach, Burstein et al. had randomly and 
comprehensively mutated the C-terminal region of the third intracellular loop of 
10 the M5 muscarinic acetylcholine receptor, but no constitutive activating 
mutations were found. 

Definition : CONSTITUTIVELY ACTIVATED RECEPTOR shall mean a G protein- 

coupled receptor which: 1 ) exhibits an increase in basal activity of the second 
messenger pathway in the absence of agonist above the level of activity observed 
15 in the wild type receptor in the absence of agonist; 2) may exhibit an increased 
affinity and potency for agonists; 3) exhibits an unmodified or decreased affinity 
for antagonists; and 4) exhibits a decrease in basal activity by inverse agonists. 

SUMMARY OF THE INVENTION 

Constitutively active forms of the rat 5-HT 2A and 5-HT 2C serotonin receptors 
20 have been obtained by a site-directed mutational method that will permit the 

constitutive activation of all mammalian G protein-coupled serotonin receptors. An 
amino acid position that will lead to a successful mutation in the serotonin 
receptor may be identified by alignment of the serotonin receptor against the 
amino acid sequence of the a 1B -adrenergic receptor. Mutating the amino acid in 
25 the serotonin receptor which corresponds to the most sensitive position in the 
o 1B -adrenergic receptor, alanine 293, yields a constitutively active serotonin 
receptor. A strongly constitutively active serotonin receptor is achieved when the 
mutation in the serotonin receptor is to one of the amino acids which produces 
the highest level of basal activation in constitutively activated o 1B -adrenergic 
30 receptors. Successful constitutive activation of the serotonin receptor can be 

shown by increased high basal levels of second messenger activity in the absence 
of agonist, increased affinity and potency for agonists, and an unmodified or 
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decreased affinity for antagonists. While standard methods of site-directed 
mutagenesis may be employed, the careful placement of restriction sites in the 
primer permits the more rapid and direct determination of the clone containing the 
desired mutated receptor. 

5 It is the object of this invention to provide a general methodology for 

obtaining constitutively active forms of the G protein-coupled mammalian 
monoamine receptors. 

It is a further object of this invention to provide a general methodology for 
obtaining constitutively active forms of the G protein-coupled mammalian 
10 serotonin receptors. 

It is another object of this invention to provide a constitutively active 5- 
HT M serotonin receptor. 

It is a further object of this invention to provide a constitutively active 5- 
HTj C serotonin receptor. 

1 5 Yet another object of this invention is to provide a method for rapidly 

identifying the clone containing the desired mutated receptor. 

These and other achievements of the present invention will become 
apparent from the detailed description which follows. 

DESCRIPTION OF THE FIGURES 

20 Figure 1 A shows the full DNA sequence for the rat 5-HT 2A serotonin 

receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure IB shows the translated amino acid sequence for the rat 5- 
HTja receptor. 

Figure 2A shows the full DNA sequence for the rat 5-HT 2C serotonin 
25 receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. Figure 2B shows the translated amino acid sequence for the rat 5- 
HT 2C receptor. 

Figure 3A shows the full DNA sequence for the rat o 1B -adrenergic receptor 
including the 5' and 3' untranslated regions with the translated codons 
30 underlined. Figure 3B shows the translated amino acid sequence for the rat a 1B - 
adrenergic receptor. 

Figure 4 shows the amino acid sequences for part of the C-terminal third 
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intracellular loop and transmembrane domain VI for the 5-HT 2A and 5-HT 2C 
receptors aligned opposite the corresponding part of the a 1b -adrenergic receptor 
with numerals representing the amino acid positions in each receptor. 

Figure 5 shows a schematic outline of the 5-HT 2A site-directed mutagenesis 
5 procedure. 

Figure 6 shows a schematic outline of the 5-HT 2C site-directed mutagenesis 
procedure. 

Figure 7 shows the competition curves of 5-HT for 3 H-ketanserin labeled 
native and mutant 5-HT^ receptors. 0.5nM 3 H-ketanserin was used to label the 
10 native and mutant receptors transiently transfected in COS-7 cells. 

Figure 8 shows the radioligand binding data of 3 H-ketanserin labeled native 
and mutant 5-HT 2A receptors in the presence of agonists and antagonists. 0.5 nM 
3 H-ketanserin was used to label the native and mutant 5-HT 2A receptors 
expressed in COS-7 cells. 

1 5 Figure 9 shows the stimulation of IP production in COS-7 cells expressing 

native or mutant 5-HT 2A receptors. IP production assays were performed using 
anion-exchange chromatography. The data are expressed as percent of maximal 
IP stimulation produced by 10;;M 5-HT. 

Figure 1 0 shows the basal activity and 5-HT stimulation of the native and 
20 mutant 5-HT 2A receptors. IP levels were measured in COS-7 cells with vector 
alone, native 5-HT 2A receptors, or mutant 5-HT^ receptors. The data are 
expressed as dpms of IP stimulation minus basal levels of IP produced by vector. 
Basal activity of vector alone was typically 400 dpms. 

Figure 1 1 shows a saturation analysis of 3 H-ketanserin labeled native and 
25 cys -» lys mutant receptors. Bmax values were determined by a BCA assay. 

Figure 12 shows the competition curves of 5-HT for 3 H-mesulergine labeled 
native and mutant 5-HT 2C receptors. 1 nM 3 H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. 

Figure 13 shows the radioligand binding analysis of native and mutant 5- 
30 HT 2C receptors. Native and mutant 5-HT 2C receptors expressed in COS-7 cells 
were labeled with 1 nM 3 H-mesulergine. 5-MT = 5-methoxytryptamine. 

Figure 14 shows the 5-HT stimulation of IP production in COS-7 cells 
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transfected with the ser -* lys or ser -* phe mutated receptors. Cells were labeled 
with 3 H-myoinositol and challenged with 5-HT {0.1 nM - 10 nM). Total IP 
production was measured by anion exchange chromatography. 

Figure 1 5 shows the EC S0 values for the 5-HT stimulation of IP production 
5 in COS-7 cells transfected with native, mutant ser -» lys receptor, and mutant ser 
-* phe receptor. Figure 1 5 also shows the results of 3 H-mesulergine saturation 
analyses. Saturation experiments were performed using 3 H-mesulergine (0.1 nM - 
5.0 nM). 

Figure 1 6 shows the effect of the ser -* lys and ser -* phe mutations on 
10 basal levels of IP production by the mutated 5-HT 2C receptors. IP levels were 
measured in COS-7 cells with vector alone, native 5-HT 2c receptors, or mutant 5- 
HT 2C receptors. The data are expressed as dpms of IP stimulation minus basal 
levels of IP produced by vector. 

Figure 17 shows the inverse agonist activity of spiperone and ketanserin on 
15 the mutated constitutively active 5-HT 2A cys -► lys receptor. Parallel transfections 
with the native 5-HT 2A receptor were performed to determine native basal activity 
which was then subtracted from the mutant receptor basal activity to determine 
constitutive stimulation. 

Figure 18 shows the inverse agonist activity of chlorpromazine, haloperidol, 
20 ioxapine, spiperone, clozapine and risperidone on the mutated constitutively 
active 5-HT 2A cys -* lys receptor. 

Figure 1 9 shows the inverse agonist activity of mianserin and mesulergine 
on the mutated constitutively active 5-HT 2C ser -► lys receptor both in the 
presence and absence of 5-HT. 

25 Figure 20A sets forth the full DNA sequence for the human S-HT^ 

serotonin receptor with the translated codons underlined. The sixth 
transmembrane domain conserved sequence of WxPFFI is indicated with block 
letters. Figure 20B shows the translated amino acid sequence for the human 5- 
HTja receptor. 

30 Figure 21 A sets forth the full DNA sequence for the human 5-HT 2C 

serotonin receptor with the translated codons underlined. The sixth 
transmembrane domain conserved sequence of WxPFFI is indicated with block 
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letters. Figure 21 B shows the translated amino acid sequence for the human 5- 
HT 2C receptor. 

Figure 22 is the amino acid sequence of the 5-HT 2A cys -* lys mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

5 Figure 23 is the DNA sequence of the 5-HT 2A cys -* lys mutant receptor 

including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

10 Figure 24 is the DNA sequence of the 5-HT 2A cys -* lys mutant receptor 

including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the two bases which were mutated to create the Seal site 
15 are shown as larger outlined letters and are indicated with arrows. 

Figure 25 is the amino acid sequence of the 5-HT 2A cys -* arg mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 26 is the DNA sequence of the 5-HT 2A cys -* arg mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
20 underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 27 is identical to Figure 26 since the AGG mutation introduced for 
arginine creates an Mnll restriction site by itself at #319. 

25 Figure 28 is the amino acid sequence of the 5-HT 2A cys -* glu mutant 

receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 29 is the DNA sequence of the 5-HT 2A cys -* glu mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
30 larger outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 30 is the DNA sequence of the 5-HT 2A cys -*> glu mutant receptor 
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including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the additional base which was mutated to create the Rsal 
5 site is shown as a larger outlined letter and is indicated with an arrow. 

Figure 31 is the amino acid sequence of the 5-HT 2C ser -* lys mutant 
receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 32 is the DNA sequence of the 5-HT 2c ser -* lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
10 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. 

Figure 33 is the DNA sequence of the 5-HT 2C ser -* lys mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
15 underlined. The bases specifying the #312 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition the base which was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arrow. 

Figure 34 is the amino acid sequence of the 5-HT 2C ser -* phe mutant 
20 receptor with the mutated amino acid shown as a larger outlined letter. 

Figure 35 is the DNA sequence of the 5-HT 2C ser -* phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
25 indicated. 

Figure 36 is the DNA sequence of the 5-HT 2C ser -* phe mutant receptor 
including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
30 indicated. In addition the base which was mutated to create the Seal site is 
shown as a larger outlined letter and is indicated with an arr w. 
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DETAILED DESCRIPTION OF THE INVENTION 

Despite the disappointing results obtained by Burstein in mutating positions 
in the third intracellular loop of the M5 muscarinic acetylcholine receptor, the 
present inventive efforts focused on finding mutations at the carboxy end of the 
5 third intracellular loop near the sixth transmembrane helix in the serotonin 
receptors. DNA and amino acid sequences for rat 5-HT 2A and 5-HT 2C serotonin 
receptors were obtained from GeneBank as was the DNA and amino acid 
sequence for the o 1B -adrenergic receptor. Figures 1 , 2, and 3 list the full DNA and 
translated amino acid sequences for these receptors. 

10 Receptor Alignment: 

As noted above, Cotecchia et al. had identified amino acid position number 
293 in the third intracellular loop adjoining the sixth transmembrane domain in the: 
a 1B -adrenergic receptor as a critical position, mutation of which lead to 
constitutive activity. However, the length of the serotonin receptors is different 
15 than the a 1B -adrenergic receptor, and even had they been the same, matching the 
ends would not necessarily provide a structural or functional match. What was 
important was to find an alignment method which made sense in terms of 
locating the equivalent functional site to position 293 of the a 1B -adrenergic 
receptor in the serotonin receptors. 

20 A meaningful alignment method has been discovered based upon the fact 

that the transmembrane domains are highly conserved in G protein-coupled 
receptors. A series of conserved amino acid positions were identified in the sixth 
transmembrane domain which permit alignment of the transmembrane domain 
and the adjacent third intracellular loop between receptors. In Figure 5 the 
25 conserved sixth transmembrane domain amino acid sequence WxPFFI (x may be 
variable) has been used to align the three receptors. Alignment using this 
sequence also aligns the LGIV sequence found at the intracellular beginning of the 
sixth transmembrane domain which is connected to the third intracellular loop. 
This alignment indicates that in the 5-HT 2A receptor the cysteine at position #322 
30 corresponds to the alanine at position #293 in the cr 1B -adrenergic receptor. In the 
5-HT 2C receptor, the corresponding amino acid is a serine at position #312. 

It should be noted that position 293 is not the only position in the cr 1B - 
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adrenergic receptor which, when mutated, produced a constitutively active 
receptor. While Cotecchia et al. 1 reported that the A293L mutation produced the 
greatest constitutive activation, they also noted that the K290H mutation also 
induced dramatic constitutive activity. There are clearly other sites in the third 
5 intracellular loop of each of these receptors that can be mutated. In the future, 
other sites on other receptors may be reported. However, the alignment 
methodology presented above should serve to permit the structural correlation 
between different receptors so that information gleaned from one receptor may 
be utilized to mutate another receptor. However, the evidence presently available 
10 suggests that the third position removed from the beginning of the 

transmembrane domain represented by position 293 in the cr 1B -adrenergic receptor 
seems to play a crucial role in the binding and activation of the coupled G protein, - 
and that mutations introduced at that position alter the tertiary structure of the 
region. 

15 As noted earlier, Kjelsberg et al. 2 further demonstrated that substitution of 

any of the 19 amino acids at position 293 of the a 1B -adrenergic receptor produced 
constitutive activity. However, the relative activity increased in the following 
order of amino acids: S, N, D, G, T, H, W, Y, P, V, L, M, Q, I, F, C, R, K, and E. 

In that study, replacing the native amino acid with amino acids having long basic 
20 or acidic side chains produced the greatest degree of constitutive activity, while 
amino acids with aromatic substituents produced an intermediate degree of 
constitutive activity. It is proposed that this order, with minor variations, exists 
for most G protein-coupled receptors due to the importance of the third position 
removed from the beginning of the transmembrane domain. A reasonable starting 
25 place for mutating receptors should therefore involve mutation to one of the 
amino acids at the most active end of the above list. Further, the tertiary 
structure of the region may be significantly altered by substituting an amino acid 
with longer side chains or of different polarity from the native amino acid. 

Efficient Screening of Mutant Receptors: 

30 When performing site-directed mutagenesis, it is common (and necessary) 

lab ratory practice to fully sequence the cloned recept r to confirm that the 
mutation has been incorporated. However, because c lonies containing the 
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mutant receptor cannot be distinguished from those that do not, it is necessary to 
sequence each colony. A method, outlined schematically by way of example in 
Figure 5 for the 5-HT 2A cys -* lys receptor mutation and in Figure 6 for the 5-HT 2C 
ser -* lys and ser -*phe receptor mutations, has been devised that rapidly and 
5 easily eliminates most non-mutated colonies, and from those remaining, identifies 
the mutant colony so that unnecessary sequencing is avoided. A two-pronged 
approach is used. The first prong is designed to prevent non-mutated vector from 
being incorporated during the first transformation by digesting the vector. E coli 
will only incorporate uncut (circular) plasmid DNA. Recognizing the limitations of 
10 the first prong, namely, that all restriction digests are not 100% complete so that 
some of the colonies at the end of the procedure will contain native DNA instead 
of mutant DNA, the second prong is designed to easily identify among the 
remaining colonies, those colonies containing the desired mutation after a second 
transformation. 

15 To begin, a unique restriction site, not occurring in the native amino acid 

sequence, is incorporated into the mutant. It is possible to introduce the unique 
restriction site because of the degeneracy of the genetic code. The unique 
restriction site is ideally located within or near the amino acid(s) which specify the 
structural mutation which is being introduced into the mutant. Thus, the 
20 restriction site can be located on the same mutagenic primer as the structural 
mutation. 

In addition, during the initial annealing, a second primer is used to remove 
a restriction site specific to the vector being used. When the second strand is 
synthesized with polymerase and ligase, only the second strand of the vector (the 
25 one not containing the mutations) will contain the original vector restriction site. 
Subsequently, after transformation, the colonies can be treated with the 
restriction enzyme specific for the vector site and only those resulting from the 
wildtype vector will be digested. Digested (cut) DNA will not be taken up by E. 
coli during the second transformation step. The colonies containing the mutated 
30 vector will not be digested and will be taken up by E. coli during the final 
transformation step. 

Each resulting colony can be tested to see whether the restriction enzyme, 
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which recognizes the unique site introduced by the mutated primer, digests the 
DNA. Only samples from colonies containing the desired mutation will be 
digested. These colonies can then be sequenced to confirm the insertion of the 
mutated aminoacid. It is unnecessary to sequence colonies whose DNA is not 
5 digested by the restriction enzyme. This procedure yields a much more highly 
efficient method by saving both time and expense of sequencing every colony 
which results from the transformation experiment. 

Measurement of Receptor-Coupled Second Messenger Activation; 

In order to measure the stimulation produced through the 5-HT 2A and the 5- 
10 HT 2C receptors, an assay was utilized which measures the accumulation of 
inositol phosphates, the product that is formed when phosphatidylinositol 4,5- 
bisphosphate is hydrolyzed to DAG and IP. This assay was established by 
Berridge and coworkers (1983) in studies of the blowfly salivary glands, and 
found to be an accurate measurement of the stimulation of phospholipase C 
15 through receptor activation. 3 H-myoinositol is incorporated into the cell membrane 
by conversion to phosphatidylinositol 4,5-bisphosphate and upon receptor 
activation, is cleaved by phospholipase C to yield two products: diacylglycerol 
and 3 H-inositol 1,4,5 triphosphate (IP,). 

Inositol-free media must be used for this assay because unlabeled inositol, 
20 which is normally found in many commercially available media, can result in less 
than maximal incorporation of radiolabeled inositol into the cell membrane, resulting 
in a reduction in the amount of 3 H-IP that would be detected. The 3 H-IP is recovered 
by anion-exchange chromatography in which IP is separated from anion-exchange 
resin using washes of increasing concentrations of formate. 

25 IP, is rapidly hydrolyzed to IP 2 by an inositol triphosphatase which is then 

converted to IP by inositol bisphosphatase. Because IP, is hydrolyzed so quickly, 
accumulation of IP would be hard to measure unless the cycle of IP to inositol and 
phosphate is blocked. Lithium is used in this assay to block the enzyme which 
converts IP to inositol and phosphate (myo-inositol monophosphatase). This ensures 
30 that IP levels can accumulate and be experimentally measured and are not 
undergoing the normal rapid degradation pathway. These experiments are also 
performed in serum free media in order to remove serotonin that can be found in 
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serum which would complicate experimental results. 

The total IP levels were measured in order to obtain an accurate measurement 
of the total amount of stimulation that occurred. The actual experimental conditions 
and concentrations of reagents used in this assay are set forth in the methods and 
5 materials sections under each example below. 

Example 1: Constitutive Activation Of The 5-HT 7 > Receptor: 

Three separate mutations of the 5-HT 2A receptor were made. The cysteine 
at position 322 was mutated to lysine, glutamate, and arginine. 

Materials and Methods For Site-directed Mutagenesis: 

10 The rat 5-HT2A receptor cDNA was ligated into the mammalian expression 

vector pcDNA3 (Invitrogen) using EcoRI (GIBCO). This construct served as the 
native template for site-directed mutagenesis performed using Clontech's 
transformer kit. Mutagenic primers (Midland Certified Reagent Company) were 
designed as follows: the C322K primer was complementary to amino acid nos. 

15 318-329 of the native 5-HT2A cDNA, while changing amino acid no. 322 from 

cysteine (TGC) to lysine (AAG). The same primer was designed to incorporate a 
Seal restriction site using amino acid nos. 323 and 324 by changing the third 
base in amino acid no. 323, lysine, from AAG to AAA and the third base in amino 
acid no. 324, valine from GTG to GTA. The C322E and C322R were designed 
20 complementary to amino acid nos. 319-330 of the native 5-HT2A cDNA, while 
changing amino acid no. 322 from cysteine (TGC) to glutamate (GAG) and 
arginine (AGG). In the C322E primer, an Rsal site was introduced by changing 
the third base in amino acid no. 324, valine, from GTG to GTA. The C322R 
mutation in the primer created an Mnll site, by itself, at amino acid no. 319. The 
25 selection primer, complementary to bases 4,871-4,914 of the pcDNA3 vector, 
was designed to remove a unique PVUI site by changing base G to T at location 
4891 . Phosphorylated primers were annealed to 10 ng of alkaline-denatured 
plasmid template by heating to 65°C for 5 min and cooling slowly to 37°C. 
Mutant DNA was synthesized using T4 DNA polymerase and ligase (Clontech) by 
30 incubating for 1 hr at 37°C, followed by digestion with PVUI (GIBCO) and 

transformation of BMH71-18mutS E. coli (Clontech). Plasmid was purified using 
th Wizard miniprep kit (Promega), digested with PVUI, and used to transform 
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DH5( E.Coli (GIBCO). Individual colonies were isolated and plasmid DNA was 
digested with SCA1 f Mnll or Rsal to screen for C322K, C322E and C322R 
mutations, respectively (GIBCO). DNA sequencing (Sequenase version 2.1 
kit, USB, 35 Sd-ATP, New England Nuclear) was performed to confirm the 
5 incorporation of lysine, glutamate, or arginine at amino acid no. 322. Sequencing 
reactions were run on a 5% acrylamide/bis (19:1) gel (Bio-Rad) for 2 hr at 50°C, 
dried for 2 hr at 80°C, and exposed on Kodak Biomax MR film for 24 hr at -80°C. 

In Figure 22 is shown the amino acid sequence of the 5-HT 2A cys -* lys 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 

10 Figure 23 shows the resulting DNA sequence of the 5-HT 2A cys -* lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 lysine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. In addition to showing the mutated DNA sequence of the 5-HT^ cys -* 
1 5 lys mutant receptor. Figure 24 shows the two bases, which were mutated to 
create the Seal site, as larger outlined letters and are indicated with arrows. 

In Figure 25 is shown the amino acid sequence of the 5-HT 2A cys -* arg 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 26 shows the resulting DNA sequence of the 5-HT 2A cys - arg mutant 
20 receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #322 arginine mutant are shown as larger 
outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 27 showing the added restriction site is identical to Figure 26 
since the arginine mutation to AGG creates, by itself, an Mnll restriction site at 
25 #319. 

In Figure 28 is shown the amino acid sequence of the 5-HT^ cys -► glu 
mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 29 shows the resulitng DNA sequence of the 5-HT 2A cys -► glu mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
30 underlined. The bases specifying the #322 glutamic acid mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
indicated. Figure 30 shows the additional base mutation introduced in amino 
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acid 324 to create an Rsal site. The base mutation is indicted by a larger outlined 
letter and an arrow. 

Cell culture and transfection : 

COS-7 cells were grown in Dulbecco's modified Eagle's medium (DMEM, 
Sigma) with 10% fetal bovine serum (Sigma) in 5% C0 2 at 37°C and subcultured 
1:8 twice a week. Twenty-four hours before transfection, cells were seeded at 
30% confluence in 100-mm dishes for radioligand binding assays or at 10 s cells 
per well in 24-well cluster plates for IP production assays. Cells were transfected 
with native or mutant 5-HT2A cDNA using Lipofectamine (GIBCO). This was 
accomplished by combining 20 fj\ of Lipofectamine with 2.5 U9 of plasmid per 
100-mm dish or 2 //I of Lipofectamine with 0.25 jjg of plasmid per well. 
Transfections were performed in serum-free DMEM for 4 hr at 37°C. 

Radioligand binding; 

Thirty-six hours after transfection, membranes were prepared from COS-7 
cells by scraping and homogenizing in 50mM Tris-HCI/5mM MgCI 2 /0.5mM EDTA, 
pH 7.4 (assay buffer), and centrifugation at 10,000xg for 30 min. Membranes 
were resuspended in assay buffer, homogenized, and centrifuged again. After 
resuspension in assay buffer, 1-ml membrane aliquots ( approximately 10 //g of 
protein measured by bicinchoninic acid assay) were added to each tube 
containing 1ml of assay buffer with 0.5nM [ 3 H] ketanserin and competing drugs. 
10//M spiperone was used to define non-specific binding. Saturation experiments 
were performed by using [ 3 H]ketanserin (0.1-5.0nM). Samples were incubated at 
23°C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beckman liquid scintillation counter at 40% 
efficiency. 

Phosphatidvlinositol hydrolysis: 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al. (1982) and Conn and Sanders-Bush 
(1985). In brief, 24 h after transfection, cells were washed with phosphate- 
buffered saline (PBS) and labeled with 0.25 //Ci/well of myo-[ 3 H]inositol (New 
England Nuclear) in inositol free/serum-free DMEM (GIBCO) for 12 h at 37°C. 
HPLC analysis of this culture medium, after incubation, has been reported to 
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contain <10 1o M 5-HT (Barker et al. 1994). After labeling, cells were washed 
with PBS and preincubated in inositol-free/serum-free DMEM with 10mM LiCI and 
10/;M pargyline (assay medium) for 10 min at 37°C. When antagonists were 
used, they were added during the 10-min preincubation period. 5-HT (Sigma), or 
5 assay medium alone, was added to each well and incubation continued for an 
additional 35 min (Westphal et al., 1995). Assay medium was removed and cells 
were lysed in 250 //I of stop solution (1 M KOH/18mM sodium borate/3. 8mM 
EDTA) and neutralized by adding 250 //I of 7.5 % HCI. The contents of each well 
were extracted with 3 volumes of chloroform/methanol (1:2), centrifuged 5 min 
10 at 10,000xg, and the upper layer loaded onto a 1-ml AG1-X8 resin (100-200 
mesh, Bio-Rad) column. Columns were washed with 10ml of 5 mM myo-inositol 
and 10ml of 5 mM sodium borate/60mM sodium formate. Total IPs were eluted 
with 3ml of 0.1 M formic acid/1 M ammonium formate. Radioactivity was 
measured by liquid scintillation counting in Ecoscint cocktail. 

15 Demonstration of Constitutive Activation: 

Constitutive activity of the mutated 5-HT 2A receptors is demonstrated by 
the fact that the mutated receptors exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 
increased agonist potency, and coupling to the G protein second messenger 
20 system in the absence of agonist. 

Figure 7 shows the competition curves of 5-HT for 3 H-ketanserin labeled 
native and mutant 5-HT 2A receptors. 0.5nM 3 H-ketanserin was used to label the 
native and mutant receptors transiently transfected in C0S-7 cells. While the 
native receptor demonstrated a relatively low affinity for 5-HT (K, = 293 nM), the 
25 three mutant receptors displayed a high affinity for 5-HT with the cys -* lys 

mutant exhibiting a 12-fold increase in affinity for 5-HT (K, = 25 nM), the cys -* 
arg mutant exhibiting a 27-fold increase in affinity for 5-HT (K, = 11 nM). and the 
cys -* glu mutant exhibiting a 3.4-fold increase in affinity for 5-HT (K, = 86 nM). 
To determine whether other agonists would display a similar increase in 
30 affinity for the mutant receptors, two known agonists (DOM and DOB) were 

tested with both the native and cys -* lys mutant. Figure 8 shows the radioligand 
binding data of 3 H-ketanserin labeled native and mutant 5 -HT 2 A receptors in the 
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presence of agonists and antagonists. 0.5 nM 3 H-ketanserin was used to label the 
native and mutant 5-HT 2A receptors expressed in COS-7 cells. The DOM and DOB 
agonists show increased affinity for the mutant receptor, as is seen for 5-HT. The 
K; for DOM shows a 5-fold increase, while the K* for DOB shows a 7.4-fold 
5 increase. 

To determine if the mutant 5-HT 2A receptors would exhibit an increase in 
agonist potency relative to the native 5-HT 2A receptor, 5-HT stimulation of the 
native and mutant 5 -HTja receptors was measured using an IP production assay. 
Figure 9 shows the stimulation of IP production in COS-7 cells expressing native 
10 or mutant 5 -HTja receptors. Both the cys -* lys and cys -* glu mutant receptor 
curves exhibit a leftward shift away from the native curve in the 5-HT dose- 
response indicating that there was an increase in 5-HT potency at the mutant 
receptors. The cys -* lys and cys -* glu mutant receptors displayed EC S0 values of 
25 nM and 61 nM, respectively, as compared to the native 5-HT 2A receptor which 
1 5 had an ECg,, value of 1 52 nM. 

Figure 10 shows the basal activity and 5-HT stimulation of the native and 
mutant 5-HT 2A receptors. As can be seen, both the cys -* lys and the cys -*> glu 
mutant 5-HT2A receptors show dramatic increases in basal intracellular inositol 
phosphate (IP) accumulation compared to the native receptor. The cys -* lys 
20 mutant receptor produced a 345% (8-fold) increase in IP levels over the vector 
control. The cys -*■ glu mutant receptor produced a 158% (3.7-fold) increase in IP 
levels over the vector control. Upon the addition of 10 ^M 5-HT, both the native 
and mutant receptors produced an additional increase in IP production. The basal 
activity of the cys -* lys mutant was 48% of that of the maximally stimulated 
25 native 5 -HTja receptor. The basal activity of the cys -* glu mutant was 31 % of 
that of the maximally stimulated native 5-HT 2A receptor. 

In order to determine whether the above results were due to an increase in 
the number of expressed mutant receptors rather than to a change in the 
properties of the mutated receptors, saturation curves were generated. Figure 11 
30 shows a saturation analysis of 3 H-ketanserin labeled native and cys -» lys mutant 
receptors. B^ values were determined by a BCA assay. For the native receptor 
the B MA v = 193 +/- 37 fmol/mg, while for the cys -*■ lys mutant receptor, the 
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B max = 218 + /- 31 fmol/mg. There is no significant difference in the B MAX values 
for the native and mutant receptors. The K 0 of 3 H-ketanserin also did not differ 
between the native and mutant receptors. These data demonstrate that the 
results were not due to an increase in number of expressed mutant receptors 
5 compared to expressed native receptors. 

Thus, the mutated 5-HT 2A receptors meet all the criteria for constitutively 
activated receptors; they show a higher affinity for agonists; they show a higher 
potency for 5-HT; and they show activation (coupling) of the G protein second 
messenger pathway (IP production) even in the absence of agonist. 

10 Example 2: Constitutive Activation of 5-HT ? ,. Receptor 

Materials and Methods For Site-directed Mutagenesis: 

The rat 5-HT 2C receptor cONA was ligated into the mammalian expression 
vector pcDNA3 (Invitrogen) using BamHI (Gibco). This construct served as the 
native template for site-directed mutagenesis performed using Clonetech's 
1 5 Transformer kit. Mutagenic primers (Midland Certified Reagent Company) were 
designed complementary to amino acids #308-317 of the native 5-HT 2C cDNA, 
while changing amino acid #312 from serine (TCC) to lysine (AAG) or 
phenylalanine (TTC). The same primers were designed to incorporate an Seal 
restriction site at amino acid #314 by changing the third codon in valine from 
20 GTC to GTA. The selection primer, complementary to bases 2081-3017 of the 
pcDNA3 vector, was designed to remove a unique Smal site by changing glycine 
at base 2093 from GGG to GGA. Phosphorylated primers were annealed to lOng 
of alkaline denatured plasmid template by heating to 65°C for 5 minutes and 
cooling slowly to 37°C. Mutant DNA was synthesized using T4 DNA polymerase 
25 and ligase (Clonetech) by incubating for 1 hour at 37°C, followed by digestion 
with Smal (Gibco) and transformation of BMH71-18mutS E. coli (Clonetech). 
Plasmid was purified using the Wizard miniprep kit (Promega), digested with 
Smal, and used to transform DH5a E. coli (Gibco). Individual colonies were 
isolated and plasmid DNA was digested with Seal to screen for S312K and 
30 S312F mutants (Gibco). S312K and S312F mutant plasmids contain an additional 
Seal site and appear as two bands (2.3Kb and 7.6Kb) when run on a 1% 
agarose gel. DNA sequencing (Sequenase version 2.1 kit USB, 35 Sd-ATP NEN) 
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was performed to confirm the incorporation of lysine or phenylalanine at amino 
acid #312. Sequencing reactions were run on a 5% acrylamide/bis (19:1) gel 
(BioRad) for 2 hours at 50°C, dried for 2 hours at 80°C, and exposed to Kodak 
Biomax MR film for 24 hours at -80°C. 

5 In Figure 31 is shown the amino acid sequence of the 5-HT 2C ser -* lys 

mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 32 shows the resulting DNA sequence of the 5-HT 2C ser -* lys mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 lysine mutant are shown as larger 
10 outlined letters, and the starting and ending locations of the primer are also 

indicated. In addition to showing the mutated DNA sequence of the 5-HT 2C ser -+ 
lys mutant receptor, Figure 33 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 

In Figure 34 is shown the amino acid sequence of the 5-HT 2C ser -» phe 
15 mutant receptor with the mutated amino acid shown as a larger outlined letter. 
Figure 35 shows the resulting DNA sequence of the 5-HT 2C ser -» phe mutant 
receptor including the 5' and 3' untranslated regions with the translated codons 
underlined. The bases specifying the #312 phenylalanine mutant are shown as 
larger outlined letters, and the starting and ending locations of the primer are also 
20 indicated. In addition to showing the mutated DNA sequence of the 5-HT 2C ser -*• 
phe mutant receptor. Figure 36 shows the base, which was mutated to create the 
Seal site, as a larger outlined letter indicated with an arrow. 

Cft 1 ! mit 11 ™ and transfection: 

COS-7 cells were grown in Dulbecco's Modified Eagle's Medium (DMEM, 

25 Sigma) with 10% fetal bovine serum (Sigma) in 5% C0 2 at 37°C and subcultured 
1:8 twice a week. Twenty-four hours prior to transfection, cells were seeded at 
30% confluence in 100mm dishes for radioligand binding assays or at 10 5 
cells/well in 24 well cluster plates for PI assays. Cells were transfected with 
native or mutant 5-HT2 e cDNA using Lipofectamine (Gibco). This was 
30 accomplished by combining 20 fi\ of lipofectamine with 2.5 fig plasmid per 
100mm dish or 2 //I lipofectamine and 0.25 fjg plasmid per well. Transfections 
were performed in serum-free DMEM for 4 hours at 37°C. 
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Badioliaand binding : 

Thirty-six hours after transfection, membranes were prepared from COS-7 
cells by scraping and homogenizing in 50mM Tris-HCI / 5mM MgCI 2 / 0.5mM 
EDTA pH 7.4 (assay buffer) and centrifugation at 10,000xg for 30 minutes. 

5 Membranes were resuspended in assay buffer, homogenized and centrifuged 
again. Following resuspension in assay buffer, 1 ml membrane aliquots 
(approximately 10 j/g protein measured by BCA assay) were added to each tube 
containing 1ml of assay buffer with InM 3 H-mesulergine and competing drugs. 
10//M mianserin was used to define non-specific binding. Saturation experiments 
10 were performed using 3 H-mesulergine (0.1nM-5.0nM) or 3 H-5-HT (0.1nM-30nM) 
in the absence of presence of 10//M GppNHp (RBI). Samples were incubated at 
37°C for 30 minutes, filtered on a Brandel cell harvester, and counted in Ecoscint 
cocktail (National Diagnostics) in a Beckman liquid scintillation counter at 40% 
efficiency. 

15 Phosphatid vlinositol hydrolysis : 

Inositol phosphate (IP) production was measured using a modified 
combination of the methods of Berridge et al., 1982 and Conn and Sanders-Bush 
1985. Briefly, 24 hours after transfection, cells were washed with PBS and 
labeled with 0.25//Ci/weli of 3 H-myoinositol (NEN) in inositol-free/serum-free 
20 DMEM (Gibco) for 12 hours at 37°C. Following labeling, cells were washed with 
PBS and preincubated in inositol-free/serum-free DMEM with 10mM LiCI and 
10//M pargyline (assay medium) for 10 minutes at 37°C. When antagonists were 
used they were added during the 10 minute preincubation period. 5-HT (Sigma), 
or assay medium alone, was added to each well and incubation continued for an 
25 additional 35 minutes (Westphal et al., 1995). Assay medium was removed and 
cells were lysed in 250 //I of stop solution (1M KOH / 18mM NaBorate / 3.8mM 
EDTA) and neutralized by adding 250/yl of 7.5% HCI. The contents of each well 
were extracted with 3 volumes of chloroformrmethanol (1:2), centrifuged 5 
minutes at 10,000xg, and the upper layer loaded onto a 1ml AG1-X8 resin (100- 
30 200 mesh, BioRad) column. Columns were washed with lOmls of 5mM 

myoinositol and lOmls of 5mM NaBorate / 60mM NaFormate. Total IPs were 
eluted with 3mls of 0.1 M formic acid / 1M ammonium formate. Radioactivity was 
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measured by liquid scintillation counting in Ecoscint cocktail. 

Stable Transfection: 

Although not yet fully characterized, it has been found possible to create a 
stable cell line expressing mutant receptors by the following method. The rat 
5 5-HT 2C cDNA (edited VSI isoform) was used as a template for site-directed 
mutagenesis to convert amino acid 312 from serine to lysine as previously 
described. Native and S312K 5-HT 2C cONAs were ligated into the BamHI/EcoRI 
site of the pZeoSV2+ mammalian expression vector (Invitrogen) containing the 
zeocin resistance gene. NIH3T3 cells (ATCC) were stably transfected using the 
10 high efficiency BES method. Briefly, cells were seeded at 5x10 5 cells/l00mm 
culture dish in complete medium (DMEM/10%FBS) and grown in 5% C0 2 at 37° 
overnight. Twenty micrograms of pZeoSV2/5-HT 2C DNA (linearized with Bglll) 
was mixed with 500//I of 0.25M CaCl 2 and 500/yl of 2x BES solution (50mM 
N,N-bis-2-hydroxyethyl-2-aminoethanesulfonic acid; 280mM NaCI; 1.5mM 
15 Na 2 HP0 4 ; pH to 6.95) and incubated at 25°C for 20 minutes. The solution was 
added dropwise on top of the cells. The cells were incubated for 20 hours at 
35°G in 3% C0 2 , washed twice with PBS, complete medium replenished, and 
incubated for 48 hours at 37°C in 5% C0 2 . Cells were split 1:4 into complete 
medium containing 50Qpg/ml zeocin. Individual colonies were isolated and tested 
20 for 5-HT 2C receptor expression by 3 H-mesulergine binding. 

Dfimnnstration of C onstitutive Activation: 

Constitutive activity of the mutated 5-HT 2C receptors is demonstrated by 
the fact that the mutated receptors also exhibit all the hallmark characteristics 
established for constitutive activation: a showing of increased agonist affinity, 

25 increased agonist potency, and coupling to the G protein second messenger 
system in the absence of agonist. 

Figure 1 2 shows the competition curves of 5-HT for 3 H-mesulergine labeled 
native and mutant 5-HT 2C receptors. 0.5nM 3 H-mesulergine was used to label the 
native and mutant receptors transiently transfected in COS-7 cells. As shown in 
30 Figure 1 2, the 5-HT competition isotherms for 3 H-mesulergine labeled ser -* lys 
and ser -» phe mutant r ceptors display a marked leftward shift compared with 
native receptors. The affinity of 5-HT for ser -* lys mutant receptors increased 
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almost 30-fold from 203 nM in ths native to 6.6 nM in the ser - * lys mutant. 
Similarly, but on a smaller scale, the ser -* phe mutation resulted in a 3-fold 
increase in 5-HT affinity to 76 nM. 

To determine whether other agonists would display a similar increase in 
5 affinity for the mutant receptors, two known agonists, 5-methoxytryptamine and 
DOB were tested with the ser -* lys mutant. Figure 13 shows the radioligand 
binding analysis of native and mutant 5-HT 2C receptors in the presence of 
agonists and antagonists. Native and mutant 5-HT 2C receptors expressed in COS- 
7 cells were labeled with 1 nM 3H-mesulergine. The 5-MT and DOB agonists 
10 show increased affinity for the mutant receptor, as is seen for 5-HT. 5-methoxy- 
tryptamine and DOB display an 89-fold and 38-fold increase, respectively, in 
affinity for the ser -* lys mutant receptors. 

To determine if the mutant 5-HT 2C receptors would exhibit an increase in 
agonist potency relative to the native 5-HT 2c receptor, 5-HT stimulation of the 
15 native and mutant 5-HT 2C receptors was measured using an IP production assay. 
Figure 14 shows the stimulation of IP production in COS-7 cells expressing native 
or mutant 5-HT 2C receptors. Both the ser -* lys and ser -* phe mutant receptor 
curves exhibit a leftward shift away from the native curve in the 5-HT dose- 
response indicating that there was an increase in 5-HT potency for the mutant 
20 receptors. The shifts were similar in magnitude to the shifts in the 5-HT 
competition binding isotherms. Figure 15 shows the 5-HT stimulation of IP 
production in COS-7 cells transfected with the ser -» lys or ser -* phe mutated 
receptors. As shown in Figure 15, the EC.*, value for 5-HT mediated stimulation of 
IP production increased from 70 nM in cells transfected with native receptors to 
25 2.7 nM in the ser -* lys mutant and 28 nM in the ser -» phe mutant. 

Figure 1 6 shows the effect of the ser -* lys and ser -* phe mutations on 
basal levels of IP production by the mutated 5-HT 2C receptors. Cells transfected 
with native 5-HT 2C receptors displayed a small increase (9%, 225dpm) in basal IP 
production over cells transfected with vector alone. Transfection with ser -* lys 
30 and ser -* phe mutant 5-HT 2C rec ptors resulted in 5-fold and 2-fold increases, 
respectively, in basal levels f IP production when compared with cells expressing 
native 5-HT 2C receptors. Basal levels of IP stimulated by ser -* lys mutant 
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receptors represented 50% of total IP production stimulated by native receptors 
in the presence of 10 /yM 5-HT. 5-HT stimulated IP production 10 fold over basal 
levels in cells transfected with native receptors and 2-fold over basal levels in 
cells transfected with ser -* lys mutant receptors. However, 5-HT elicited the 
5 same maximal IP response in cells transfected with native or mutant receptors. 

Since receptor density can influence agonist binding affinity and potency in 
stimulating second messenger systems, saturation curves were generated. 
Therefore, 3 H-mesulergine saturation analyses and Scatchard transformations 
were performed in parallel to control for variations in transfection efficiency and 
10 receptor expression levels. As shown in Figure 15, the 5-HT 2C receptor density 
was greater in cells transfected with native receptors than in cells transfected 
with either the ser -* lys or the ser -*• phe mutant receptors. These data indicate 
that the increase in agonist binding affinity and potency of the mutated receptors 
did not result from increased receptor expression, but directly resulted from the 
15 mutations. 

Thus, like the mutated 5-HT 2A receptors, the mutated 5-HT 2C receptors 
meet all the criteria for constitutively activated receptors; they show a higher 
affinity for agonists; they show a higher potency for 5-HT ; and they show 
activation (coupling) of the G protein second messenger pathway (IP production) 
20 even in the absence of agonist. 

Inverse Aaonism at Constitutively Activated Serotonin Receptors 

As noted above, the discovery and elucidation of the mechanisms of action 
of constitutively activated receptors has led to the recognition of a new class of 
receptor antagonists, identified as inverse agonists. The mutated 5-HT 2A and 5- 
25 HT 2C receptors of this invention were used to test the activity of known serotonin 
receptor antagonists. Figure 8 shows the binding affinities of four known 5-HT 2A 
antagonists to the native and cys -* lys mutant 5-HT 2A receptors. There is an 
apparent decease in the binding affinity of methysergide and mianserin at the 
mutant 5-HT^ receptors, but no change in binding affinity for spiperone and 
30 ketanserin. However, as shown in Figure 1 7, both spiperone and ketanserin 
reversed the constitutive stimulation of IP production in cells expressing the 
mutant 5-HT^ receptor. Ketanserin and spiperone decreased the constitutive IP 


SOOCIO. <WO 983821 7AtJ_» 



WO 98/38217 


PCT/US98/03991 


28 

stimulation by 80% and 58% respectively. 

Several antipsychotic drugs presently in use are thought to act at the 5- 
HT 2a receptor. As shown in Figure 18, all these drugs, chlorpromazine, 
haloperidol, loxapine, clozapine, and risperidone as well as spiperone reduce the 
5 constitutively activated IP basal activity of the mutated 5-HT^ receptor. 

The constitutively active ser -* lys mutated 5-HT 2c receptor of this 
invention can also be used to screen compounds for inverse agonist activity. 
Figure 19 shows that two classical 5-HT 2C receptor antagonists, mianserin and 
mesulergine, exhibit inverse agonist activity by decreasing basal levels of PI 
10 hydrolysis associated with the constitutively active 5-HT 2C mutant receptor. The 
inverse agonism of these compounds is apparent both in the presence and 
absence of serotonin. 

The demonstration of inverse agonism at the mutated 5-HT 2A and 5-HT 2C 
receptors further characterizes the mutated serotonin receptors of this invention 
15 as being constitutively active. Not only have the 5-HT 2A and 5-HT 2C receptors 

been mutated to a constitutively active form, but a method has been disclosed for 
mutating all mammalian G protein-coupled monoamine receptors, including 
serotonin receptors, to a constitutively active form. Unlike the case of the M5 
muscarinic acetylcholine receptor where mutations in the third cytoplasmic loop 
20 do not produce constitutive activation, the present invention clearly demonstrates 
that mutations in the third cytoplasmic loop of G protein-coupled serotonin 
receptors may be used to induce constitutive activation. Previously, third 
intracellular loop mutations near the transmembrane region had only been found 
to produce constitutively active receptors of the adrenergic type. With the present 
25 discoveries, it is now recognized that the alignment and positional mutation 
method of this invention is applicable to the general class of monoamine 
receptors of which the adrenergic and serotonin receptors are major subclasses. 
Further, based upon the present discoveries, it is expected that mutations may be 
introduced at other sites in the third cytoplasmic loop which will constitutively 
30 activate the G protein-c upled monoamine receptors including the serotonin 
receptors. 
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Additional Advances Enabled By The Discoveries Of The Present Invention: 

Figures 20A and 20B show the DNA and amino acid sequences for the 
human 5-HT 2A receptors. In Figure 20A, it can be seen that the sixth 
transmembrane domain has the same WxPFFI conserved sequence (outlined type) 
as seen in the rat receptors. Figures 21 A and 21 B show the DNA and amino acid 
sequences for the human 5-HT 2C receptors. In Figure 21 A it can be seen that the 
sixth transmembrane domain also has the same WxPFFI conserved sequence 
(outlined type) as seen in the rat receptors. Both of these human receptors may, 
therefore, be similarly aligned with the rat al -adrenergic, 5-HT 2A , and 5-HT 2C 
receptors to identify the amino acid positions which may be mutated to produce 
constitutively active human receptors following the methodologies of this 
invention. 

Having identified mutations which constitutively activate the S-HT^ and 5- 
HT 2C serotonin receptors, it is now possible to create transgenic mammals 
incorporating these mutations using techniques well known in the art. This will 
provide an opportunity to study the physiological consequences of constitutive 
receptor activation and may lead to the development of novel therapeutic agents. 

Those skilled in the art will recognize that various modifications, additions, 
substitutions and variations of the illustrative examples set forth herein can be 
made without departing from the spirit of the invention and are, therefore, 
considered within the scope of the invention. 
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CLAIMS 

What is claimed is: 

1 . A method of constitutively activating targeted G protein-coupled 
mammalian monoamine receptors comprising the following steps: 

a. aligning a conserved amino acid sequence occurring in the sixth 
transmembrane domain of the targeted monoamine receptor with the 
conserved amino acid sequence in the sixth transmembrane domain 
of a second monoamine receptor for which a constitutively activated 
form having a mutation in the third intracellular loop is known; 

b. identifying in the aligned receptor sequences the amino acid position 
in the targeted monoamine receptor which corresponds to the amino 
acid position in the third intracellular loop which produced 
constitutive activation in the second monoamine receptor; and 

c. mutating, by site-directed mutagenesis, the identified amino acid 
position in the targeted monoamine receptor so that a different 
amino acid is substituted for the amino acid occurring in the native 
targeted receptor. 

2. The method of claim 1 in which the targeted monoamine receptor is a G 
protein-coupled serotonin receptor. 

3. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT 2A receptor. 

4. The method of claim 2 in which the G protein-coupled serotonin receptor is 
the 5-HT 2C receptor. 

5. The method of claim 1 in which the conserved amino acid sequence within 
the sixth transmembrane domain used for the alignment is WxPFFI, where x 
represents that any amino acid may occur at that position. 

6. A method of constitutively activating G protein-coupled mammalian 
serotonin receptors comprising the following steps: 

a. aligning a conserved amino acid sequence occurring in the sixth 

transmembrane domain of the serotonin receptor with the conserved 
amino acid sequence in the sixth transmembrane domain of the o 1B - 
adrenergic receptor for which a constitutively activated form having 
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a mutation in the third intracellular loop is known; 

b. identifying in the aligned receptor sequences the amino acid position 
in the serotonin receptor which corresponds to the amino acid 
position in the third intracellular loop which produced constitutive 

5 activation in the a 1B -adrenergic receptor; and 

c. mutating, by site-directed mutagenesis, the identified amino acid 
position in the serotonin receptor so that a different amino acid is 
substituted for the amino acid occurring in the native serotonin 
receptor. 

10 7. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5 -HTja receptor. 

8. The method of claim 6 in which the G protein-coupled serotonin receptor is 
the 5 -HT 2c receptor. 

9. The method of claim 6 in which the conserved amino acid sequence within 
15 the sixth transmembrane domain used for the alignment is WxPFFI, where x 

represents that any amino acid may occur at that position. 

10. The constitutiveiy active 5-HT 2A receptor in which the amino acid at 
position number 322 has been mutated from the cysteine found in the native 
receptor to an amino acid selected from the group consisting of lysine, glutamic 

20 acid, and arginine. 

1 1 . The constitutiveiy active 5-HT 2C receptor in which the amino acid at 
position number 312 has been mutated from the serine found in the native 
receptor to an amino acid selected from the group consisting of lysine and 
phenylalanine. 

25 1 2. The DNA encoding the constitutiveiy active 5-HT 2A receptor in which the 

amino acid at position number 322 has been mutated from the cysteine found in 
the native receptor to an amino acid selected from the group consisting of lysine, 
glutamic acid, and arginine. 

13. The DNA encoding the constitutiveiy active 5-HT 2C receptor in which the 
30 amino acid at position number 312 has been mutated from the serine found in the 
native receptor to an amin acid selected from the group consisting of lysine and 
phenylalanine. 
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14. A method of efficiently minimizing the number of full DNA sequencings, 
which must be performed on the colonies resulting from site-directed mutagenesis 
employing vectors, by eliminating most colonies not containing the desired 
mutation and by tagging colonies containing the desired mutation for easy 

5 identification comprising the following steps: 

a. creating two primers, the first of which will remove a restriction site 
occurring in the original form of the vector and the second of which 
will introduce the desired mutation as well as a second mutation 
which specifies a unique restriction site not found in the primer; 

10 b. annealing the primers to the vector; 

c. synthesizing the second strands; 

d. exposing the double stranded DNA to the restriction enzyme for the - 
restriction site which occurs on the original vector thereby digesting 
the DNA containing the restriction site so that it cannot be taken up 

15 during a subsequent transformation; 

e. transforming the test organism with the remaining double stranded 
circular DNA; and 

f. testing the resulting colonies to see if they contain DNA which can 
be digested by the restriction enzyme for the unique site introduced 

20 by the second primer 

whereby only DNA from those colonies which have incorporated the 
desired mutation will be digested with the restriction enzyme for the unique 
restriction site and the presence of such digestion indicates that that colony 
contains the desired mutation. 

25 15. The method of claim 14 in which the following additional steps are 

performed after step e and before step f of claim 1 4: 

e\ repeating a restriction digest using the restriction enzyme for the 
restriction site which occurs on the original vector; and 
e". tansforming the test organism with the remaing double stranded 

30 circular DNA. 

16. The constitutively active 5 -HTja receptor coded by the DNA sequence 
specified in Figure 24 which DNA also contains a mutation creating a unique 
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restriction site. 

17. The constitutively active 5-HT 2A receptor coded by the DNA sequence 
specified in Figure 27 which DNA also contains a mutation creating a unique 
restriction site.' 

5 18. The constitutively active 5-HT 2A receptor coded by the DNA sequence 

specified in Figure 30 which DNA also contains a mutation creating a unique 
restriction site. 

1 9. The constitutively active 5 -HTjc receptor coded by the DNA sequence 
specified in Figure 33 which DNA also contains a mutation creating a unique 

1 0 restriction site. 

20. The constitutively active 5-HT 2c receptor coded by the DNA sequence 
specified in Figure 36 which DNA also contains a mutation creating a unique 
restriction site. 

21. The use of the constitutively activated mammalian G protein-coupled 

1 5 monamine receptor to screen for agonists, inverse agonists, and antagonists not 
previously identified as such at the native receptor. 

22. The method of claim 21 where the mammalian G protein-coupled 
monoamine receptor is a serotonin receptor. 

23. A transgenic mammal having incorporated and expressed in its genome a 
20 constitutively activated monoamine G protein-coupled receptor. 

24. The transgenic mammal of claim 23 wherein the constitutively activated 
monoamine G protein-coupled receptor is a serotonin receptor. 

25. The method of constitutively activating G protein-coupled receptors as 
described and illustrated in the specification. 

25 26. The method of efficiently minimizing the number of full DNA sequencings 

as described and illustrated in the specification. 

27. The constitutively activated receptors as described and illustrated in the 
specification. 

28. DNA encoding constitutively activated receptors as described and 
30 illustrated in the specification. 

29. The invention as described and illustrated in the specification. 
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1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 
61 taoaaattct ttQtaaaaac aatatctctc ta aactcaat tccaaactcc ttaatqcaat 
121 tagataataq cccoagactc taccataata a cttcaactc cagagatact aacacttcgg 
181 aagcatcgaa ctqqacaatt gatgctgaa a acaqaaccaa cctctcctgt gaaqggtacc 
241 tcccaccgac atqcctctcc attcttcatc tccaqqaaaa aaactggtct gctttattga 
301 caactatcqt gattattctc accattgctg ga aatatact ggtcatcatg acaaigtccc 
361 tagaaaaaaa qctqcagaat qccaccaact atttcctgat gtcacttgcc atagctgata 
421 tactactoqq tttccttqtc atqcctqtqt ccatqttaac catcctq tat gqqtaccqqt 
481 qgcctttqcc taqcaaqctc tqtgcgatct qqatttacct qqatqtgctc ttttctacgg 
541 catccatcat qcacctctgc gccatctccc t qqaccgcta tgtcgccatc cagaacccca 
601 ttcaccacaq ccqcttcaac tccagaacca aaqccttcct gaaaatcatt gccgtgtgga 
661 ccatatctqt agqtatatcc atqccaatcc caqtctttqq actacaggat gattcaaaflg 
721 tctttaaqga gqqqaqctqc ctqcttgccq a tgacaactt tgttctcata ggctcttttg 
781 tgqcattttt catcccccta accatcatoq tq atcaccta cttcctqact atcaagtcac 
841 ttcaqaaaqa aqccaccttq tqtqtqaqtq acctcaqcac tcgagccaaa ctaqcctcci 
901 tcaqcttcct ccctcaqaqt tctctqtcat caqaaaaqct cttccaacng tccatccaca 
961 qaqaqccago ctcctacqca qqccqaaqqa cqat qcaqtc catcaqcaat gaqcaaaa_qg 
1021 cqtocaaoqt gctqqqcatc qtqttcttcc tqtttqttgt aatgtggtqc ccattcttca 
1081 tcaccaatat catqqccqtc at ctqcaaaq aatcctgcaa tgaaaatqtC atcqqgqOSS 
1141 tqctcaatqt qtttqtctqq attqqttatc tctcc tcaqc tqtcaatcca ctggtatata 
1201 cqttqttcaa taaaacttat aqq tccqcct tctcaaggta cattcgqtqt cqqtacagflfl 
1261 aaaacaqaaa qccactqcaq ttaattttaq tg aacactat accaqcattg gcctacaaal 

FIGURE 1A 
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2 /s% 

1 3 21 ctagtcagct ccagqtqqga caaaaaaa ga actcacaqoa aqatactqaq caaacaatro 
1381 a . tgactgctc catqqttaca ctgqqqaaac aac aqtcqaa aqaaaattot acaaacaata 
1441 Hqaaaccqt_qaatqaaaaQ qttaqctoto tQ taataaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


FIGURE 1A - CONTINUED 
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Rat 5-HT^ 

MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 
KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 
ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 
SKVFKEGSCLLADDNFVL1GSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKACKVLGIVFFLFVV 
MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 


FIGURE IB 
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Rat 5-HT 2C 

ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
1 21 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aocaatc ato atgaacctta gcaacocagt gcoctcoctc 
721 ctoatacacc taatcaacct attaatttaa caattcoata tttccataaq tccaataaca 
781 actataotaa ctoacacttt taattcctcc aatoatgoac acttofttca attcccgoac 
841 ggggtacaaa actooccagc actttcaatc gtcgtgatta taatcatgac aatagggggc 
901 aacattcttg ttatcatogc agtaagcatg gagaagaaac tacacaatoc aaccaattac 
961 ttcttaatot ccctaoccat toctoatato ctootgooac tacttotcat gcccctgtcc 
1021 ctgcttocta tt ctttatga ttatgtctgg cctttaccta gatatttotg ccccgtctgg 
1081 atttcactao atgtoctatt ttcaactgcg tccatcatgc acctctgcgc catatcgctg 
1141 gaccggtatg taacaataco taatcctatt gagcatagcc g gttcaattc gcogactaao 
1201 gccatcatga agattgccat cgtttgggca atatcaatag oagtttcagt tcctatccct 

FIGURE 2A 
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1261 gtaattgqac taaggaacaa aaqcaaaqto ttcatoaata acaccacata catqctcaat 
1321 gaccccaact tcqttctcat cqqqtccttc atqqcattct tcatcccqtt aacoattata 
1381 ntgatcacct acttcttaac oatctacqtc ctgcqccqtc aaactctqat qttacttcoa 
1441 qqtcacacca agaaqqaact oqctaatatq aqcctoaact ttctqaacto c tqctqcaag 
1501 aagaatqqtq otqaqqaaaa qaacactccq aaccctaatc caqatcaqaa accacqtcqa 
1561 aaqaaqaaaq aaaaocqtcc caaaaacace atqcaaacta tcaacaac qa aaaqaaaoct 
1621 tccaaaqtcc ttoocattot attctttqtq tttctq atca talgqtoccc qtttttcatc 
1681 accaatatcc tqtcqqttct ttqtqqqaaq oc ctqtaacc aaaaoctaat aaaaaaacrt 
1741 ctcaatqtqt ttototgoat tqqctatqto tqttcagqca tcaatcctct qgtqtacact 
1801 ctctttaata a aatttacca aaqgqctttc tc taaatatt tqcqctacqa ttataaocca 
1861 qacaaaaaoc ctcctottcq acaqattcct aqqottqcto ccactqcttt qtctqqqaqQ 
1921 qaqctcaatq Ttaacattta tcqocatacc aatqaacqtq tqqctaoqaa aactaatoac 
1981 cctqaqccto acataoaqat acaqotqqaq aacttaoagc tgccaotcaa cccetctaat 
2041 qtqqtcaqcq aqaoqattaq taqtotqt aa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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ys* 

Rat 5-HT ac 

MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 

RLFQFPDGVQNWPALSIVVUIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADML 

VGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNP 

IEHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGIRDESKVFVNNTTCVLNDPNFVLI 

GSFVAFFIPLTIMVITYFLTIYVLRRQTLMLLRGHTEEELANMSLNFLNCCCKKNGGE 

EENAPNPNPDQKPRRKKKEKRPRGTMQAINNEKKASKVlGIVFFVFLIMWCPFFITNt 

LSVLCGKACNQKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSKYLRCDYKPD 

KKPPVRQIPRVAATALSGRELNVNIYRHTNERVARKANDPEPGIEMQVENLELPVNPS 

NWSERISSV 
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Rat cr 1B -adrenergic 

MNPDLDTGHNTSAPAHWGELKDDNFTGPNQTSSNSTLPQLDVTR 

AISVGLVLGAFILFAIVGNILVILSVACNRHLRTPTNYFIVNLAIADLLLSFTVLPFS 

ATLEVLGYWVLLSFFCDIWAAVDVLCCTASILSLCAISIDRYIGVRYSLQYPTLVTRR 

KAILALLSVWVLSTVISIGPLLGWKEPAPNDDKECGVTEEPFYALFSSLGSFYIPLAV 

ILVMYCRVYIVAKRTTKNLEAGVMKEMSNSKELTLR1HSKNFHEDTLSSTKAKGHNPR 

SSIAVKLFKFSREKKAAKTLGIWGMFILCWLPFFIALPLGSLFSTLKPPDAVFKVVF 

WLGYFNSCLNPIIYPCSSKEFKRAFMRILGCQCRGGRRRRRRRRLGACAYTYRPWTRG 

GSLERSQSRKDSLDDSGSCMSGTQRTLPSASPSPGYLGRGTQPPVELCAFPEWKPGAL 

LSLPEPPGRRGRLDSGPLFTFKLLGDPESPGTEGDTSNGGCDTTTDLANGQPGFKSNM 

PLAPGHF 
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Vsz 

1321 ccgtqgaact Qtacaccttc cccaaatQoa aacccogoac actactca ac ttQccaaaac 
1381 ctcctqgccq ccgcggccgt ctcgactctg goccactctt caccttcaag ctcctaggca 
1441 atcctoagag cccaqqaacc gaaggcgaca ccagcaac gg gggctgcgac accacgaccg 
1501 acctaoccaa cgggcaqccc qgcttcaaga ocaacatocc cctqqcqccc gqgcactttt 
1561 agggtccctt ttcatcctcc ccctcaacac actcacacat cggggtgggg gagaacacca 
1621 tcgtaggggc gggagggcgc gtggggggag tgtcagccct aggtagacac agggtcgcaa 
1681 ggggacaagg ggggaggggg gcggggagag gggcagctgc ttttctggca ggggcatggg 
1741 tgccaggtac agcgaagagc tgggctgagc atgctgagag cgtggggggc ccccctagtg 
1801 gttccgggac ttaagtctct ctctcttctc tctctgtata tacataaaat gagttcctct 
1861 attcgtattt atctgtgggt acacgtgcgt gtgtctgttc ggtgtacgtg tgggctgcat 
1921 gggtgtgagt gtgaggcctg cccgcacgcg cgtgccgggg cagagcgagt gcgccccctg . 
1981 gtgacgtcca ggtgtgttgt ttgtctcttg actttgtacc tctcaagccc ctccctgttc 
2041 tctagtcaat gctggcactt tgataggatc ggaaaacaag tcagatatta aagatcattt 
2101 ctcctgtg 
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1321 acQQtatatt caatatcaat acaaaaaaaa caaaaaacca ttacaat taa ttttagtaaa 
1381 cacaatacca octttQQCct acaaatctao ccaacttcaa ataoaacaaa aaaagaattc 
1441 aaaacaaaat qccaaaacaa caaataataa ctactcaata qttqctcta_g..gaaagcagca 
1 501 ttctqaagag gcttctaaaa acaataocaa cagagtgaat gaaaagglga_gctgtfltg tg 
1 561 ataggctagt tgccgtggca actgtggaag gcacactgag caagttttca cctatctgga 
1621 aaaaaaaaat atgagattgg aaaaaattag acaagtctag tggaaccaac gatcatatct 
1681 gtatgcctca ttttattctg tcaatgaaaa gcggggttca atgctacaaa atgtgtgctt 
1 741 ggaaaatgtt ctgacagcat ttcagctgtg agctttctga tacttattta taacattgta 
1801 aatgatatgt ctttaaaatg attcactttt attgtataat tatgaagccc taagtaaatc 
1861 taaattaact tctattttca agtggaaacc ttgctgctat gctgttcatt gatgacatgg 
1921 gattgagttg gttacctatt gccgtaaata aaaatagcta taaatagtga aaattttatt 
1981 gaatataatg gcctcttaaa aattatcttt aaaacttact atggtatata ttttgaaagg 
2041 agaaaaaaaa aaagccacta aggtcagtgt tataaaatct gtattgctaa gataattaaa 
2101 tgaaatactt gacaacattt ttcatagata ccattttgaa atattcacaa ggttgctggc 
2161 atttgctgca tttcaagtta attctcagaa gtgaaaaaga cttcaaatgt tattcaataa 
2221 ctattgctgc tttctcttct acttcttgtg ctttactctg aatttccagt gtggtcttgt 
2281 ttaatatttg ttcctctagg taaactagca aaaggatgat ttaacattac caaatgcctt 
2341 tctagcaatt gcttctctaa aacagcacta tcgaggtatt tggtaacttg ctgtgaaatg 
2401 actgcatcat gcatgcactc ttttgagcag taaatgtata ttgatgtaac tgtgtcagga 
2461 ttgaggatga actcaggttt ccggctactg acagtggtag agtcctagga catctctgta 
2521 aaaagcaggt gactttccta tgacactcat caggtaaact gatgctttca gatccatcgg 
2581 tttatactat ttattaaaac cattctgctt ggttccacaa tcatctattg agtgtacatt 
2641 tatgtgtgaa gcaaatttct agatatgaga aatataaaaa taattaaaac aaaatccttg 


VSOOCID cWC 9838217A1J_» 


FIGURE 20A - CONTINUED 


WO 98/38217 


PCT/US98/03991 


* 2 /r$ 

2701 ccttcaaacg aaatggctcg gccaggcacg gaggctcgtg catgtaatcc tagcactttg 
2761 ggaggctgag atgggaggat cacttgaggc caagagtttg agaccaacct gggtaacaaa 
2821 gtgagacctc cctgtctcta caaaaaaaat caaaaaatta tctgatcctt gtggcacaca 
2881 actgtggtcc cagctacagg ggaggctgag acgcaaggat cacttgagcc cagaagctca 
2941 aggctgcagt gagccaagtt cacaccactg ccatttcctc ctgggcaaca gagtgagacc 
3001 ctatcacccc gaattc 
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Human 5-HT2A 

MDILCEENTSLSSTTNSLMQLNDDTRLYSNDFNSGEANTSDAFN 

WTVDSENRTNLSCEGCLSPSCLSLLHLQEKNWSALLTAVVIILTIAGNILVIMAVSLE 

KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAVWIYLDVLFST 

ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 

SKVFKEGSCLLADDNFVUGSFVSFFIPLTIMVITYFLTIKSLQKEATLCVSDLGTRA 

KLASFSFLPQSSLSSEKLFQRSIHREPGSYTGRRTMQSISNEQKACKVLGIVFFLFW 

mWCWFBtnimavickescnedvigallnvfvwigylssavnplvytlfnktyrsafs 

RYIQCQYKENKKPLQULVNTIPALAYKSSQLQMGQKKNSKQDAKTTDNDCSMVALGK 

QHSEEASKDNSDGVNEKVSCV 


FIGURE 20B 
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Human 5-HT 2C 

1 gaattcggga gcgtcctcag atgcaccgat cttcccgata ctgcctttgg agcggctaga 
61 ttgctagcct tggctgctcc attggcctgc cttgcccctt acctgccgat tgcatatgaa 
121 ctcttcttct gtctgtacat cgttgtcgtc ggagtcgtcg cgatcgtcgt ggcgctcgtg 
181 tgatggcctt cgtccgttta gagtagtgta gttagttagg ggccaacgaa gaagaaagaa 
241 gacgcgatta gtgcagagat gctggaggtg gtcagttact aagctagagt aagatagcgg 
301 agcgaaaaga gccaaaccta gccggggggc gcacggtcac ccaaaggagg tcgactcgcc 
361 ggcgcttcct atcgcgccga gctccctcca ttcctctccc tccgccgagg cgcgaggttg 
421 cggcgcgcag cgcagcgcag ctcagcgcac cgactgccgc gggctccgct gggcgattgc 
481 agccgagtcc gtttctcgtc tagctgccgc cgcggcgacc gctgcctggt cttcctcccg 
541 gacgctagtg ggttatcagc taacacccgc gagcatctat aacataggcc aactgacgcc 
601 atccttcaaa aacaactgtc tgggaaaaaa agaataaaaa gtagtgtgag agcagaaaac 
661 gtgattgaaa cacgaccaat ctttcttcag tgccaaaggg tggaaaagaa aggatgatat 
721 gatgaaccta gcctgttaat ttcgtcttct caattttaaa ctnggttgc ttaagactga 
781 agcaatcaig fl tflaacctqa ggaatgcaat acattcattc cttotacacc taattaacct 
841 attqqtttqg caatqtqata tttctotqa o cccaataaca actataqtaa ctaacatttt 
gaatacctcc gatqgtqqac octtcaa att cccaaacqqq qtacaaaact qqccaocact 
961 ttcaatcgtc atcataataa tcatoacaa t aggtqqcaac atccttatqa tcatogcagt 
1021 gggcatgqaa aaqaaactqc acaatoc cac caattacttc ttaatatccc taoccattoc 
1081 laatatncta qtgggactac ttotcatocc c ctatctctc ctqqcaatcc tttatoatta 
1141 tgtctqgcca ctacctaoat atttotaccc cQtctooatt tctttaoatQ ttttattttc 
1201 aacggcqtcc atcatqcacc tctocacta t atcactogat coatatatao caatacotaa 
1261 tcctangag catagccott tcaattcaco qactaaoocc atcataaaoa ttactattat 
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3 >/si 

1321 ttgqgcaatt tctatagotq tatcaqttcc tatccctata attggactoa gagacqaaga 
1381 aaagqtgttc otqaacaaca cq acqtqcqt qctcaacqac ccaaatttcq ttcttattqq 
1441 gtccttcqta qctttcttca taccqctqac qattatqqtq attacqtatt qcctqaccat 
1501 ctacgttctq cqccqacaaq ctttqatgtt actqcacooc cacaccqaqq aaccqcctqq 
1561 actaaqtctq qatttcctga aqtqctqcaa qagqaatacg qccqaqqaaq aqaactctqc 
1621 aaaccctaac caaqaccaqa acacacqccq aaqaaaqaaq aaqqaoaqac qtcctaqqqq 
1681 caccatqcaq qctatcaaca atqaaaqaaa aqcttcaaaa qtccttqqoa ttqttttctt 
1741 tqtqtttctq atcatgtqqt occcattttt cattaccaat attctatctg ttctttatqa 
1801 gaaqtcctqt a accaaaaqc tcatqqaaaa qcttctqaat otQtttgttt gqattqqcta 
1861 tgtttqttca qqaatcaatc ctctqqtqta tactctqttc aacaaaattt accgaaggqc 
1921 attctccaac tatttqcgtt gcaattataa qqtaqaqaaa aa occtccto t caqqcaqat 
1981 tccaaqagtt gccgccactg ctttqtctqq qagqqaqctt aatqttaaca tttatcqqca 
2041 taccaatqaa ccqqtqatcq aqaaaqccaq tqacaatqaq cccqqtataq aqatqcaaqt 
2101 tqaqaattta qaqttaccaa taaatccctc caqtqtqqtt aqc qaaaqqa ttaqcaqtqt 
2161 stgagaaaga acagcacagt cttttctacg gtacaagcta catatgtagg aaaattttct 
2221 tctttaattt ttctgttggt cttaactaat gtaaatattg ctgtctgaaa aagtgttttt 
2281 acatatagct ttgcaacctt gtactttaca atcatgccta cattagtgag atttagggtt 
2341 ctatatttac tgtttataat aggtggagac taacttattt tgattgtttg atgaataaaa 
2401 tgtttatttt tgctctccct cccttctttc cttccttttt tcctttcttc cttcctttct 
2461 ctctttcttt tgtgcatatg gcaacgttca tgttcatctc aggtggcatt tgcaggtgac 
2521 cagaatgagg cacatgacag tggttatatt tcaaccacac ctaaattaac aaattcagtg 
2581 gacatttgtt ctgggttaac agtaaatata cactttacat tcttgctctg ctcatctaca 
2641 catataaaca cagtaagata ggttctgctt tctgatacat ctgtcagtga gtcagaggca 

FIGURE 21A - CONTINUED 
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Human 5-HT 2C 

MVNLRNAVHSFLVHLIGLLVWQCDISVSPVAAIVTDIFNTSDGG 
RFKFPDGVQNWPALSMIIIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADMLV 
GLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNPI 
EHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGLRDEEKVFVNNTTCVLNDPNFVLIG 
SFVAFFIPLTIMVITYCLTIYVLRRQALMLLHGHTEEPPGLSLDFLKCCKRNTAEEEN 
SANPNQDaNARRRKKKERRPRGTMaAINNERKASKVLGIVFFVFlIMWCFFFiTNILS 
VLCEKSCNQKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSNYLRCNYKVEKK 
PPVRQIPRVAATALSGRELNVNIYRHTNEPVIEKASDNEPGIEMQVENLELPVNPSSV 
VSERISSV 
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FIGURE 21B 
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W/si 

Rat 5 -HTja Cysteine -* Lysine Mutant 
MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 
KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 
ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 
SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKAj^KVLGIVFFLFW 
MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 


FIGURE 22 
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3 j/r? 

1321 giaqtcaqct ccaqqtqqqa cagaaaaaaa actcacaqga aoatoctoao caoacaotta 
1381 al.qactgctc catgqttaca ctgggqaaac aacaotcaaa aaaQaattat acaaacaata 
1441 ttqaaaccat aaataaaa aq qttaqctqta tat aatgaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


FIGURE 23 - CONTINUED 
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Rat SHTja Cysteine -*■ Lysine Mutant with Restriction Site 
1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 



FIGURE 24 
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3 Vst 

1321 ctaatcaact ccaoatQgqa caaaaaaaaa actcacagoa aoatctcigaq cagacaflttfl 
1381 atoactoctc cataattaca ctogaoaaac aacacitsafla_aqagaattqt acaqacaaia 
1441 ttoaaaccot qaataaaaao attaactota ta taatgaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


8NSOOCIC <WO_3S3M17AlJ-> 


FIGURE 24 - CONTINUED 


WO 98/38217 


PCT/US98/03991 


M/st 

Rat 5-HTa* Cysteine -* Arginine Mutant 
MEILCEDNiSLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 
KKLQNATNYFLMSLAIADMLLGFLVMPVSMLTILYGYRWPLPSKLCAIWIYLDVLFST 
ASIMHLCAISLDRYVAIQNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 
SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTiKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKAOKVLGIVFFLFVV 
MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQLILVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 
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1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcnagaca 



FIGURE 26 
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1321 ctaatcaoct ccaQQtqqQa caoaaaaaqa actcacaoqa aqatoctoao caaacaatta 
1381 ataactactc cataattaca ctaQggaaac aacaatcgoa agagaattat acaaacaata 
1441 naaaaccQt aaataaaaag attaoctata tQt aataaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


FIGURE 26 - CONTINUED 
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Rat SHT^ Cysteine -* Arginine Mutant with Restriction Site 

1 cccaggctat gaacccctag tctctccaca cttcatctgc tacaacttcc ggcttagaca 

61 Ifl fl a aaitCT ttqtqaaqac aatatctctc taaactcaat tcc aaactcc ttaatocaat 

121 laflfltflatgq cccaaqgctc taccataato actt caactc caoaoatQct aacacttcoo 

161 a . a . qcatcqaa ctgqacaatt gatgctqaaa acaaaacca a cctctcctot aaaqaatacc 

241 tcgcacgqac atqcctctcc attcttcatc tccaooaa a a aaactoatct actttattaa 

301 caactqtcqt qattattctc accattocto oaaat atact ootcatcato ocaototccc 

361 tagaa aaaaa gctgcagaat accaccaact atttcctaat otcacttacc ataoetoata 

42 1 t flct . qctqqq I ttccttqtc atgcctgtq t ccatattaac catcctatat aaataccoot 

4 ®1 flfl g ctttqcc t aqgaaqctc tgtqcqatct oq atttacct qaatatoctc ttttctacoo 

54- l gatccatcat qcacctctoc accatctccc tao accacta tatcaccatc caaaacccca 

ttcaccacaq ccocttcaac tccaoaacca aaoccttcct qaaaatcatt occototooa 

661 ccatatctqt aaatatatcc ataccaatcc caotcmoo actacaoaat oattcoaaoo 

721 tCtltaaqga gggqaqctqc ctacttocc g ataacaactt tqttctcata qqctctttta 

781 I flflg a ttttt catCCCCCta accatcatqq taatcacct a cttcctoact atcaaatcac 

8 4 1 tteagaaaqa_aqccacctto tatata a oto acctcaqcac tcoaqccaaa ctaacctcct 

901 tca.gcttcct ccctcaqaat tctctotcat caqaaaaact cttccaacaa tccatccaca 

Start C322R primer -• 

961 gagaqccagg ctcctacaca oocc q aaqaa caatocagtc catcaocaat aaacaaaag 

r— End C322R primer 

1021 cgjgigiaaqqt qctqqqcatc otottct t ccftotttottqt aatotootqc ccattcttca 
1081 l eaecaaiat catqqccqtc atctQc a aao aatcctocaa toaaaatotc atcaoaoccc 
1 1 41 t flCtcaatgt fltttgtctqq attqottatc tctcctcaoc totcaatcca ctootatata 
1201 g flngnc . aa j aaaacttat agqtccqcct tctcaao q ta cattcaqigt caqtacaaoo 
1261 aaaacggaag gccactqcaq ttaatm a q tqaacactat accaocatto occtacaaot 


601 
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‘ll/s? 

1321 ctaatcaqct ccaagtaaqa caoaaaaa oa actcacaaaa aqatactqag cagacaattg 
1381 atoactactc catqattaca ctaoQaaaac aacaqtcqga_aqagaattqt acagacaata 
1441 ttoaaaccat gaataaaaaa attaoctata ta taatgaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


OOCIC cW 0 983S217A1_L> 
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w/rt 

Rat 5-HT^ Cysteine -• Glutamic Acid Mutant 
MEILCEDNISLSSIPNSLMQLGDGPRLYHNDFNSRDANTSEASN 
WTIDAENRTNLSCEGYLPPTCLSILHLQEKNWSALLTTVVIILTIAGNILVIMAVSLE 
KKLQNATNYFLMSLAIADMLLGFLVMPVSMLT1LYGYRWPLPSKLCAIWIYLDVLFST 
ASIMHLCAISLDRYVA1QNPIHHSRFNSRTKAFLKIIAVWTISVGISMPIPVFGLQDD 
SKVFKEGSCLLADDNFVLIGSFVAFFIPLTIMVITYFLTIKSLQKEATLCVSDLSTRA 
KLASFSFLPQSSLSSEKLFQRSIHREPGSYAGRRTMQSISNEQKAgKVLGIVFFLFVV 
MWCPFFITNIMAVICKESCNENVIGALLNVFVWIGYLSSAVNPLVYTLFNKTYRSAFS 
RYIQCQYKENRKPLQULVNTIPALAYKSSQLQVGQKKNSQEDAEQTVDDCSMVTLGK 
QQSEENCTDNIETVNEKVSCV 


FIGURE 28 
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1321 ciagtcaoct ccaQatoa ga caoaaaaaqa actcacaoaa agatactaag caqacaqttq 
1381 aigactgctc catggttaca ctqqgqaaac aacaotcqaa aqaqaattqt acaqacaata 
1441 ttqaaaccot qaatqaaaaa qttaqctqtq ta tqatqaac tggatgctat ggcaattgcc 
1 501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


FIGURE 29 - CONTINUED 
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L !*/SZ 

1321 ctagtcaact ccaqato qqa caqaaaaaaa actcacaaaa aqatactaaa caaacaottQ 
1381 aiflactgctc.catgqttaca ctqggqaaac aacaatc qqa aqaqaattqt acaqacaata 
1441 tiqaaaccqt qaatqaaa aq qttaactqtq ta tqatqaac tggatgctat ggcaattgcc 
1501 cagggcatgt gaacaaggtt atacccatgt gtgtggggcg gggataagga ggctgcaaca 
1561 aattag 


FIGURE 30 - CONTINUED 
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W/sf 

Rat 5-HT 2C Serin -* Lysine Mutant 
MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 

RLFQFPDGVQNWPALSIWIIIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADML 

VGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVA1RNP 

IEHSRFNSRTKAIMKIAIVWAISIGVSVPIPVIGLRDESKVFVNNTTCVLNDPNFVLI 

GSFVAFFIPLTIMVITYFLTIYVLRRQTLMLLRGHTEEELANMSLNFLNCCCKKNGGE 

EENAPNPNPDQKPRRKKKEKRPRGTMQAINNEKKAj^KVLGIVFFVFLIMWCPFFITNI 

LSVLCGKACNQKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSKYLRCDYKPD 

KKPPVRQIPRVAATALSGRELNVNIYRHTNERVARKANDPEPGIEMQVENLELPVNPS 

NVVSERISSV 


FIGURE 31 
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Rat 5HT 2C Serine -* Lysine Mutant 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga agcaatc atg gtoaacctta acaacocaot ococtcoctc 
721 cmatocacc taatcoocct attoomao caattcaata tttccataao tccaotaoca 
781 gctatagtaa ctoacacttt taattcctcc oatgatogac gcttgtttca attcccgoac 
841 ggggtacaaaactggccaac actttcaatc gtcgtgatta taatcatgac aatagggggc 
901 aacattcttg ttatcatggc agtaagcato o agaagaaac tgcacaatoc aaccaattac 
961 ncttaatflt ccctagccat tgctgatatg ctgg tgggac tacngtcat gcccctgtcc 
1021 ctgcttgcta ttctttatga ttatgtctoo cctttaccta oatatttgtg ccccgtctgg 
1081 atttcaciafl atotgctatt ttcaactoco t ccatcatoc acctctocgc catatcoctg 
114 1 gaccgfltatg_tagcaatacg taatcctatt gagcatagcc ogttcaattc gcggactaag 
1201 gccatcatfla aqattqccat cgtttgggca atatcaatag gagtttcagt tcctatccct 


SNSDOCID: <WO 98382 17A1J_> 
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■n/si 

1261 Qtaattaaac toaocmacaa aaacaaaatQ ttcotgaata acaccacfltfl cqtflctcaat 

1321 oaccccaact tcottctcat caoQtccttc otoocattct tcatcccqtt g acqattatfl 

1381 otoatcacct acttcttaac oa tctacotc ctacaccotc aaactctgat gttasttcga 

1441 QQtcacaccq aooaQQaac t oactaatata aocctoaact ttctqaactg_clgctgcaag 

1501 aaaaatoqtq otaaggaaqa gaacoctcca aaccctaatc caoatcagaa accacqtcga 

Start S3 1 2K primer r, 

1561 aaoaaqaaao aaaaacotcc cagagacacc atocaaqcta.tcaacasrega aaaqaaagct 

j-—End S312K primer 

1621 aa<yaaaatcc ttoacatttit attctttQta tttc taatca tgtggtaccc qttmcaic 
1681 accaatatcc tatcoattct ttataaaaaq acctqtaacc aaaagctaat flflagaagctt 
1741 ctcaatatot ttotataaat to actatqta tattcaaaca tcaatcctct qqtqtacact 
1801 ctctttaata aaatttacca aaoQQctttc tctaaatatt tacqctgcqa ttataagcca 
1861 oacaaaaaoc ctcctottca a caaattcct aaoqttqctQ.ccactqcttt ntglgflAaflfl 
1921 oaactcaatq ttaacattta tcoqcatacc aat oaacota tqqctaqoaa aactaaigac 
1981 cctoaocctq ocataaaqat acaoataoaq aacttaaaoc tqccagtcaa cccctctaat 
2041 otaatcaaca aaaQoattao taatqtqt aa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
21 61 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 


NSOOCiD <WO 98382 17A1 J_» 
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Rat 5 HT 2c Serine -► Lysine Mutant with Restriction Site 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aocaatc ato QtoaaccttQ acaacacoat ocactcactc 
721 SigatflC SCC taatcqqcct attqqtttoa caattcoata tttccataaa tccaotaoca 
781 flfi.tat9.qtP 9 Ctgacacttt taattcctcc oatootaQac octtatttca attcccooac 
841 flflflfltacaaa actooccaac actttcaatc atcotoatta taatcatoac aataagoogc 
801 aacatt cttq natcatqgc agtaagcatg aaoaaQaaac tocacaatoc aaccaattac 
961 ttcttaatgt ccctaoccat toctaatato ctoot ogoac tacttatcat occcctotcc 
1021 ctgcttgcta ttctttatoa ttatatctoo c ctttaccta aatatttatq ccccotctaa 
1081 a tttfiactag atgtgctatt ttcaactoco tccatcatoc acctctacoc catatcocto 
1141 Qaccootata taocaat aco taatcctatt aaocataocc aottcaattc Qcaaactaaa 
1201 .gccatfiatga agattqccat camoaoca a tatcaatao oaontcaot tcctatccct 

FIGURE 33 
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S3 /kt 

1261 Qtaattaaac toaaqaacqa aaacaaao tQ ttcataaata acaccacgtg cgtgctcaat 

1321 oaccccaact tcqttctcat coaotccttc otaacattct tcatcccqtt gacgattatfl 

1381 atoatcacct acttcttaac oatctacotc ct acaccatc aaactctqat attacttcqa 

1441 aatcacaccQ aagaagaact qqctaatatq agcctgaact ttctq aacifl..ciflgtflcaafl 

1501 aagaatggtg gtqaqqaaqa gaacgctcc a aaccctaatc caaatcaqaa accacntcga 

Start S312K primer t, 

1561 aagaagaaag aaaagcgtc c cagaggcacc atgcaagcta tcaacaaena aaagaaaflCI 

r — End S312K primer 

1621 aaqiaaaqtac ttggcadot attctttgtg tttct gatca tgtggtaccc gtttttcalc 
't— Mutation to create Seal site 

1681 accaatatcc tqtcqqttct ttgt gggaag qcctqtaacc aaaagctaat ggaflaanett 
1741 ctcaatgtgt ttotqtqqat tggctatgtg tgt tcaogca tcaatcctct qgtgtacact 
1801 ctctttaata aaatttaccg aaqqqctttc tetaaata tt tqcqctqcqa ttataaocca 
1861 qacaaaaaqc ctcctqttcg acaqattcct aqqqttqct q ccactqcttt qtctqqqaog 
1921 qaqctcaata ttaacattta tcqqcatacc aa tqaacqtq tqqctaggaa agctaatflac 
1981 cctqaqcctq qcataqaqat qcaaotqqaq aacttaqagc tgccagtcaa CCCCtCtaat 
2041 qtqotcaocq aqaqqattaq taatqtgt aa gegaagagea gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattget gtgtgacaag acagtgtttt tataaatage tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5-HT 2C Serine -* Phenylalanine Mutant 
MVNLGNAVRSLLMHLIGLLVWQFDISISPVAAIVTDTFNSSDGG 
RLFQFPDGVQNWPALSIVVIIIMTIGGNILVIMAVSMEKKLHNATNYFLMSLAIADML 
VGLLVMPLSLLAILYDYVWPLPRYLCPVWISLDVLFSTASIMHLCAISLDRYVAIRNP 
lEHSRFNSpTKAIMKIAIVWAISIGVSVPIPVIGLRDESKVFVNNTTCVLNDPNFVLI 
GSFVAFFIPLTIMVITYFLTIYVLRRQTLMLLRGHTEEELANMSLNFLNCCCKKNGGE 
EENAPNPNPDQKPRRKKKEKRPRGTMQAINNEKKAjgKVLGIVFFVFLIMWCPFFITNI 
LSVLCGKACNQKLMEKLLNVFVWIGYVCSGINPLVYTLFNKIYRRAFSKYLRCDYKPD 
KKPPVRQIPRVAATALSGRELNVNIYRHTNERVARKANDPEPGIEMQVENLELPVNPS 
NVVSERISSV 


FIGURE 34 
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Rat 5HT ac Serine -• Phenylalanine Mutant 
ORIGIN 23 bp upstream of Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccgc 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga accaatc ato otoaaccttp ocaacacaat ococtcoctc 
721 ctoatocacc taatcoocct attoomoo caattcoata tttccataao tccaotaaca 
781 octataataa ctoacacttt taattcctcc aatootgaac octtotttca attcccaaac 
841 gqggtacaaa actoaccaac actttcaatc otcotoatta taatcatoac aataqaoooc 
901 aacattctto natcatqgc aotaaocato oaqa aoaaac tocacaatoc aaccaattac 
961 itcttaatot ccctaaccat tactaatata ctoatoogac tacttatcat occcctotcc 
1021 ctocttacta ttctttataa tta totctao cctttaccta aatatttotq ccccotctoo 
1081 atttcactaq atotoctatt ttcaactqco tccatcatoc acctctococ catatcocto 
1141 gaccggtatq taocaatacg taatcctatt qaqcataqcc qqttcaattc qcqqactaao 
1201 qccatcatqa aoattqccat cqtttqqoca atatcaatag gagtttcaot tcctatccct 


FIGURE 35 
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1261 gtggnggac tgaqqgacqa aaacaaaato ttcotoaata acaccacqto cotactcaat 

1321 aaccccaact tcottctcat cqqqtccttc Qtaocattct tcatcccatt aacoattato 

1381 gigaicacct acttcttaac aatctacotc ctocaccotc aaactctqat ottacncaa 

1441 gqicacaccq agoaggaact ggctaatata aocctqaact nctaaactq ctactqcaag 

1501 aaqaatqqtq otoaoqaaqa gaacactcca aaccctaatc caoatcaoaa accacqtcqa 

Start S312F primer ■ - ■ -> 

1561 aagaaqaaaq aaaaocgtcc caqaqacac c atocaaocta tcaacaabaa aaaqaaaact 

j-— End S31 2F primer 

1621 ftfoBaaaatcc ttoocatiot anctnotq mctgatca tqtqqtqccc qtttttcatc 
1681 agcaatatcc tqtcoqttct ttqtqgoaaa occtqtaacc aaaaqctaat qqaoaaoctt 
1741 ctcaatgtgt ttgtgtggat-tggctatqtg tgncaqgca tcaatcctct qqtqtacact 
1801 ctctttaata a aatttacca aaqqqctttc tctaaatatt tqcgctqcqa ttataaqcca 
1861 gacaaaaaqc ctcctqttcq acagattcct aaqqttqctq ccactqcttt qtctgggagg 
1921 gagctcaatq ttaacattta tcqqcatacc aatqaacqtg tgactaqqaa aactaataac 
1981 cgtgagcctg gcatagaaat gcaqqtqqaq aacttaqaqc toccaqtcaa cccctctaat 
2041 gtqotcaqcq aoaaqattaa taqtatq taa gcgaagagca gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattgct gtgtgacaag acagtgtttt tataaatagc tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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Rat 5HT ac 312Serine -* Phenylalanine Mutant with Restriction Site 
ORIGIN 23 bp upstream f Hindlll site. 

1 ggcgctctgg tgctcactga ggaagcttcc ttaggtgtac cgatcttaat gattgagccc 
61 ttggagcagc aagattgtta atcttggttg ctcctttggc ctgtctatcc cttaccttcc 
121 tattacatat gaacttttct tcgttctgca catcgattgt cgtcggcgtc gtggagatcg 
181 tcgtggtgct ccggtggtgg tcttcgtccg cttagaatag tgtagttagt taggggcctt 
241 caaagaagaa agaagaagcg attggcgcgg agagatgctg gaggtgtcag tttctatgct 
301 agagtagggt agtgaaacaa tccccagcca aacctttccg gggggcgcag gttgcccaca 
361 ggaggtcgac ttgccggcgc tgtccttcgc gccgagctcc ctccatcctt ctttccgtct 
421 gctgagacgc aaggttgcgg cgcgcacgct gagcagcgca ctgactgccg cgggctccge 
481 tgggcgattg cagccgagtc cgtttctcgt ctagctgccg ccgcggcgac ctgcctggtc 
541 ttcctcccgg acgctagcgg gttgtcaact attacctgca agcataggcc aacgaacacc 
601 ttctttccaa attaattgga atgaaacaat tctgttaact tcctaattct cagtttgaaa 
661 ctctggttgc ttaagcctga aocaat cato gtoaacctto ocaacacoot acactcactc 
721 ctaatocacc ta atcaocct atto atttoa caattcoata tttccataaa tccaotaaca 
781 actataotaa ctoacacttt taattcctcc oatootaoac octtotttca attcccoaac 
841 Qgqotacaaa actooccaoc actttcaatc otcotoatta taatcatoac aataoooooc 
901 aacattctto ttatcatooc aataaocato oaaaaQaaac tocacaatoc aaccaattac 
961 ttcttaatat ccctaoccat toctoatato ctootagaac tacttotcat acccctotcc 
1021 ctocttocta ttctttatoa ttatotctoo cctttaccta aatamota ccccatctoa 
1081 atttcactaa atotoctatt ttcaactoca tccatcatac acctctacoc catatcacto 
1 141 gaccqatatq taacaataco t aatcctatt aaoc ataacc oottcaattc Qcaoactaao 
1201 occatcatoa a gattoccat camoogca atat caataa qaqtttcaot tcctatccct 
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s-i/it 

12 61 fllflattqqac tgagqqacoa aaqcaaaa tq ttcatoaata acaccacoto catactcaat 

1321 gaccc caact tcqttctcat cggotccttc qtqqcattct tcatcccatt aacaattata 

1381 gigatcacct acttcttaac aatctacot c ctococcatc aaactctoat attac:ttnna 

1441 flfltcacaccq agqaqqaact gqctaatato aacctaaact ttctaaacto ctoctacaaa 

15 °1 aaga9tqqtq_q.tgaqqaaqa _qaacgctcca aaccc t aatc caqatcaqaa accacqtcqa 

Start S31 2F primer ■ ■ -i 

1361 aaflaaqaaafl aaaaqcfltcc caqagqcacc atq c aaqcta tcaacaefcaa aaaqaaaoct 

r — End S312F primer 

1621 SSEaaaqtac ttgqcattlat attcmota tttctaa tca totootaccc qtttttcatc 
^ — Mutation to create Seal site 

1681 accaatatcc tgteqattet nataaaaao o cctqtaacc aaaaqctaat goaqaaoett 
1741 cicaatqtgt ttgtgtqqat tqoctatoto tottc aaoca tcaatcctct oototacact 
1801 aetttaata aaatttaccq aaqqqctttc tet aaatatt tqcoctqcqa ttataaocca 
1861 aacaaaaagc ctcctqttcq acaoattcct a ggattgeto ccactqcttt otctQQaaoa 
1821 gaactcaatg ttaacattta tcqqcatacc aato a acota taqctaqoaa aqctaatoac 
1381 cctqaqcctg gcataqagat gcaoqtoaao a acttaoaoc toccaotcaa cccctctaat 
2041 fltg.gtcaqcg aqaqqattaq taatotataa gegaagagea gcgcagactt cctacaggaa 
2101 agttcctgta ggaaagtcct ccccaccccc cgtgattttc ctgtgaatca taactaatgt 
2161 aaatattget gtgtgacaag acagtgtttt tataaatage tttgcaaccc tgtactttac 
2221 atcatgcgtt aatagtgaga ttcggg 
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